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Analytical  Studies  on  the  Mechanism  of  Functional  Materials 
and  Prospect  of  Future  Development 

Iteijiro  YONEZAWA 
Research  Institute  for  Science 
and  Technology 
Kinki  University 
Higashi -Osaka 
Osaka 


1 .  Introduction 

Running  parallel  with  objective  oriented  studies  on  semiconductors  and 
biofunctional  polymers,  theoretical  and  experimental  studies  on  organic 
superconductors,  conducting  polymers,  organic  magnetic  substances,  fluoride  glasses, 
intercalated  graphites,  specific  surface-molecular  interactions  and  so  on  have  been 
carried  out.  In  these  studies,  the  structure- function  relationship  and  structure- 
synthetic  process  relations  have  been  elucidated.  The  comparative  discussions 
between  inorganic  superconductor  -  organic  superconductors,  metallic  conductivity  - 
that  of  synthetic  metals  and  inorgeuiic  -  organic  magnetic  substances  have  been  made. 

2.  Results  and  Discussion. 

To  proceed  the  studies  based  upon  horizontal  view  covering  organic,  inorganic 
and  metallic  materials,  it  is  most  convenient  to  classify  materials  into  two  kinds, 
the  one  constructing  with  the  elements  and  the  other  with  molecular  species.  The 
utility  of  this  classification  is  considered  in  relation  to  computer  assisted 
material  design.  To  elaiborate  the  design  of  synthetic  assemblies,  features  of 
components,  characteristics  of  assonblies,  the  dimension  of  interaction  and  their 
interactions  are  summarized. 
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Theoretical  Studies  on  Transport  Phenomena  of  Organic  Superconductort, 

Hldetoshi  FUKUYAMA 

Institute  for  Solid  State  Physics,  University  of  Tokyo 
7-22-1  Roppongi.  Minato-ku,  Tokyo  106,  Japan 

1.  Introduction 

Following  susbjects  of  various  aspects  of  transport  properties  are  explored;  (l) 
search  for  the  mechanism  of  superconductivity  in  oxides  and  organics,  (2)  electronic 
properties  in  mesoscopic  systems,  (3)  Anderson  localization  and  the  size  effects  on 

the  superconducting  transition  temperature  (4)  proximity  effect  (5)  spin-Peierls 
transition. 


2.  Results  and  Discussion 

Results  of  research  on  some  of  the  subjects  listed  above  are  briefly  described 
in  the  following; 

(II  For  Cu-oildos.  .0  have  derived^  the  effective  Ha.Htonlan  haaed  on  Cu  d  2  2 
and  0:P^  orhltals  .1th  Coulo.b  Interactlona  both  on-altea  and  Inter-sltea.  Co.pJr^L 
theoretical  results  for  both  eases  of  electron  and  hole  doping  .1th  the  etp.rl.ental 
discovery  of  electron-superconductivity  by  Tokura.  TakSEl  and  llchlda?'  .e  Indicated 
that  the  essence  of  hlsh  Cu-o,ldees  .111  he  described  by  the  t-J  .odel.  The  phase 

dlakra.  for  this  t-J  .odel  has  already  bee,  e.plor.d  .Itblh  the  .ea„  field 
approximation.  ' 


(2)  It  has  been  demonstrated  that  one  can  observe  fluctuations  in  transport 
properties  in  mesoscopic  systems.  We  have  discovered^)  theoretically  that  such 
fluctuation  effects  can  be  observed  in  Landau  diamagnetism,  which  is  a  thermodynamic 
quantity.  This  will  explain  the  recent  experimental  finding  by  Webb. 

(21  It  has  been  established®'  that  the  superconductlue  transltlou  te.perature  In 
dirty  .etals  Is  dependent  the  size  of  the  syste.s.  This  property  has  beeo.e 
increasingly  l.portant  In  vie.  of  the  develop.ent  In  technology  to  fabricate  shall 
systehs.  we  have  e.a.lhed  this  feature  In  detail  tor  thin  rius,  .ultl-layers  and 


References 

1)  H.  Fukuyama,  H.  Matsukawa  and  Y.  Hasegawa:  J.  Phys.  Soc.  Jpn.  58  (1989)  364 

2)  Y.  Tokura,  H.  Takagl  and  S.  Uchlda:  Nature,  Jan.  26  (1989). 

3)  Y.  Suzumura,  Y.  Hasegawa  and  H.  Fukuyama:  J.  Phys.  Soc.  Jpn.  57  (1988)  401. 

4)  e.g.  p.A.  Lee,  A.D.  Stone  and  H.  Fukuyama:  Phys.  Rev.  B35  (1987)  1039. 

5)  H.  Fukuyama:  J.  Phys.  Soc.  Jpn.  58  (1989)  47. 

6)  H.  Fukuyama:  Phys lea  126B  (1984)  306. 

7)  N.  Klhara:  Master  Thesis  (1989). 


2 


Prediction  of  Limiting  Mechanical  and  Electrical  Properties 
of  New  Functionality  Polymers  by  Vibrational  Spectroscopy 

Masamichi  Kobayashi  and  Kohji  Tashiro 
Department  of  Macromolecular  Science,  Faculty  of  Science, 

Osaka  University,  Toyonaka , Osaka  560 

1.  Introduction  Evaluation  and  prediction  of  physical  properties  and 
functionalities  of  polymers  based  on  molecular-level  consideration  are 
of  essential  importance  as  the  basis  of  molecular  design  of  new  poly¬ 
meric  substances.  The  aim  of  the  present  project  is  to  accumulate  the 
knowledge  of  molecular-level  structures,  intra-  and  intermolecular  in¬ 
teractions,  molecular  motions,  and  so  on  by  means  of  vibrational  spectro¬ 
scopy,  and  to  construct  a  theoretical  method  for  predicting  the  limiting 
properties  in  elasticity,  piezoelectricity,  and  pyroelectricity.  Since 
physical  properties  of  solid  polymers  are  strongly  influenced  by  higher- 
order  structure,  our  efforts  were  concentrated  to  reexamine  suitable  me¬ 
chanical  model  for  deriving  exact  values  of  elestic  moduli  of  fibers,  and 
to  consider  the  effects  of  morphology,  crystal  defects,  and  molecular  mo¬ 
tions  on  the  mechanical  properties.  As  for  electric  properties,  phase 
transitions  of  ferroelectric  liquid  crystals  were  investigated. 

2.  Results  and  Discussion  1)  Limiting  values  of  elastic  moduli  of  super- 

drawn  fibers  of  various  types  were  evaluated  as  functions  of  applied 
stress  and  temperature  from  the  intramolecular  force  constants  obtained 
by  IR  and  Raman  measurement.  The  calculated  moduli  which  cor¬ 

responded  to  the  limiting  values  for  the  idealized  crystals,  were  com¬ 
pared  with  the  experimental  values  E^  obtained  by  X-ray  diffraction  me¬ 
thod.  Here,  we  adopted  a  parallel-series  model  instead  of  the  usually 
used  simple  series  model  for  taking  the  role  of  morphological  structure 

into  account.  For  case  of  polyoxymethylene ,  E  is  only  a  half  or  less 
calc  ^ 

of  Eg  above  room  temperature.  With  lowering  temperature,  E  In¬ 
creases  gradually  first,  then  abruptly  around  -100°C,  and  finally  ap¬ 
proaches  .  The  sharp  depression  In  E^  Is  caused  by  onset  of  a 

rotational  fluctuation  of  the  molecules  as  has  been  revealed  by  NMR, 
Far-IR,  and  DSC  measurements. 

2)  Changes  In  molecular  structure  occurring  on  the  phase  transitions 

* 

C  -f  Sq  -»■  Ch  +  L  of  a  compound  having  the  structure  R-0-  (j^-OCO-  (fi-  4)- 
0CH(CH2)R  chain]  were  Investigated  by  means  of  IR  and  Raman 

spectroscopy.  A  remarkable  hysteresis  was  found  In  S*  ->■  Ch  transition. 
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Theoretical  Investigations  of  Characteristic 
Electronic  Processes  in  New  Functional  Materials 

Tokio  Yamabe,  Kazuyoshi  Tanaka,  and  Akitomo  Tachibana 
Department  of  Hydrocarbon  Chemistry,  Faculty  of  Engineering 
Kyoto  University,  Kyoto  606,  Japan 


1 .  Introduction 

The  purpose  of  the  present  study  is  to  analyze  the  electronic 
processes  and  to  perform  the  molecular  desisn  of  conductive  new 
polymeric  materials  based  on  the  approach  of  theoretical  chemistry  with 
quantum  chemical  calculations.  In  particular,  density-functional  theory 
is  extended  for  application  to  the  study  of  superconducting  phase 
transition  ,  control  of  high-temperature  Cooper-pair  condensation. 

2,  Results  and  Discussions 

(i)  The  electronic  structures  of  polyiminovinylene  (PIV)  as  well  as 
polyaniline  (PAn)  are  studied  theoretically  using  the  one-dimensioanl 
tight-binding  self  consistent  field-crystal  orbital  (SCF-CO)  method. 
PIV  was  employed  as  a  tractable  model  for  PAn  to  inspect  the  electronic 
process  when  the  redox  states  of  PAn  are  changed.  The  conduction 
mechanism  caused  by  partial  protonation  (oxidation)  is  discussed  and  the 
possibility  of  the  formation  of  bipolaron  in  the  partially  protonated 
polymer  skeleton  is  examined. 

(ii)  The  importance  of  the  pattern  analysis  of  the  frontier  orbital  is 
discussed  as  a  guiding  principle  in  the  course  of  theoretical  molecular 
design  of  polymers  intrinsically  showing  metallic  properties.  Moreover, 
actual  calculations  are  performed  on  polyperimesoanthracene  (PPMA)  and 
several  kinds  of  nitrogen-substituted  PPMAs  (NPPMA)  as  examples  to  test 
the  criterion  discussed.  The  result  of  the  actual  calculations  agrees 
well  with  what  is  predicted  from  this  guiding  principle  in  the  molecular 
design  of  polymers  showing  intrinsically  metallic  properties. 

(iii)  Vibronic  attractive  force  for  Cooper  pair  of  superconducting 
electrons  is  calculated  for  a  cluster  model  CuO,  of  the  novel  copper- 
oxide  high-Tc  superconductors.  Vibrational  mode-specificity  is  found 
for  the  attractive  force,  which  turns  out  to  be  strong  enough  to 
overwhelm  the  Coulombic  repulsive  force.  Dimensionality  of  the  orbital 
network  plays  an  important  role.  A  model  based  on  the  density-functional 
theory  is  proposed  for  a  unified  description  of  the  superconducting 
phase  transition. 


Theoretical  Study  on  the  Mechanism  of  Catalysis  occurring  at  the 
Transition  Metal  Surface 

Kioio  Ohno,  Yuji  Mochizuki  and  Kiyoshi  Tanaka 
Department  of  Chemistry,  Faculty  of  Science,  Hokkaido  University 
Kitaku,  Sapporo,  060 
Hiroshi  Tatewaki 

Computing  Center,  Nagoya  City  University, 
Mizuhoku,  Nagoya  467 


1.  Introduction 

As  the  first  step  to  understand  the  carben-metal  complex  system,  we  carried  out 
ab  initio  calculation  on  the  CuCHz  cluster  by  MCSCF  and  Cl  methods  using  an  extended 
basis  set.  Other  than  this  system,  we  carried  out  calculations  on  a  cluster  taking 
from  YBa2Cu307  crystal.  We  focussed  our  attention  to  type  of  2p  hole  on  0  and 
magnetic  interaction  between  two  dimensional  CuOa  surface  and  CuO  chain. 

2.  Results  and  Discussion 

By  the  use  of  the  wave  function,  dipole  moment  of  the  CuCH2  was  calculated  to  be 
3.90  Debye  (Cu^OC  ).  Reflecting  the  negatively  charged  carbon  side,  the  structure  of 
CH2  part  is  close  to  that  of  free  CH2'  rather  than  the  ground  state  of  CH2.  The 
calculated  vibrational  frequencies  of  CH  and  CuC  breathing  modes  and  HCH  wagging  mode 
are  2868,  618,  and  1408  (cm"0  which  agree  very  well  with  the  experimental  frequencies 
of  2961,  614,  and  1345  (cm  M,  respectively.  The  CH  bond  in  CuCH2  is  weaker  than  the 
ground  state  of  free  CH2. 

We  carried  out  SCF  and  Cl  calculations  on  a  small  cluster  taking  from  YBa2Cu307 
with  split  valence  basis  set.  Computed  ionization  energies  obtained  by  Cl  are  in  good 
agreement  with  photo  ionization  spectra.  The  lowest  ionization  energy  is  0.2eV  and 
the  state  is  represented  by  an  ionization  of  2p  electron  of  Oxygen  which  is  located  at 
the  two  dimensional  CuOa  surface.  The  2p  orbital  is  laid  in  the  Cu02  surface  and 
perpendicular  to  CuO  axis,  i.e.  2p  a:  .  This  suggestes  that  the  2p  hole  is  inclined  to 
occur  in  0  of  CuOa  surface  and  orbital  is  2p ac  type.  It  might  be  important  to  take 
Q  2p 71  hole  into  account  in  discussing  the  super  conducting  mechanism.  We  further 
carried  out  Cl  calculations  on  the  various  spin  states  whose  energy  levels  are 
separated  primarily  by  interaction  between  the  spins  of  CuOa  surface  and  that  of 
middle  layer.  The  results  show  that  the  energy  separation  between  the  states  of  the 
different  spin  coupling  is  100cm” ‘  and  25cm” ^  for  two  diffeernt  hole  positions.  This 
suggests  that  the  spin  coupling  between  Cu02  surface  and  middle  layer  easily 
fluctuates. 
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Approaches  to  Organic  Magnetic  Materials  from  High-spin 
Organic  Molecules 


Hiizu  Iwamura 

Department  of  Chemistry,  Faculty  of  Science, 

The  University  of  Tokyo,  7-3-1  Hongo,  Bunkyo-ku, 

Tokyo  113,  Japan 

1.  Introduction 

We  have  succeeded  in  constructing  high-spin  polycarbenes 
m  PhC( CgH^C)^_ j^Ph  (n=4,5,6)  that  have  nonet,  undecet  and  tridecet 
ground  states,  respectively,  and  show  paramagnetism  due  to  very  large 
magnetic  moments.  Whereas  the  extension  of  the  system  is  expected  to 
generate  organic  superparamagnets ,  a  number  of  problems  remain  to  be 
solved  in  these  molecular  systems.  It  is  therefore  highly  desirable 

to  design  new  polymer  systems  that  can  align  10^-10^  spins  within  the 
polymer  molecule. 

2.  Results  and  Discussion 

2.1.  Molecular  design  of  high  spin  polyacetylenes.  According  to 
valence  bond  theories  on  the  high-spin  states  of  alternant  hydro¬ 
carbons,  poly(phenylacetylenes)  and  poly{ phenyldiacetylenes )  consisting 
of  m  repeating  units  and  carrying  a  free  radical  center  at  the  p- 
position  of  each  phenyl  group  are  predicted  to  have  spin  multipli¬ 
cities  of  (m+1).  we  have  confirmed  the  theory  by  model  dimer  radicals. 

2.2.  Poly(phenylacetylenes).  While  two  catalysts  WCl^/Ph^Sn  and 
[Rh(COD)ClJ2  are  reported  to  be  useful  to  polymerization  of  phenyl- 
acetylenes,  the  monomers  carrying  stable  free  radical  centers  on  the 
phenyl  group  were  found  to  serve  as  effective  catalyst  poison.  We 
therefore  have  had  recourse  to  polymerization  leading  to  precursors 
followed  by  chemical  modification  of  the  functional  groups  such  as  p- 
bromo,  formyl  and  benzoyl  into  stable  free  radicals.  These  reactions 
on  the  polymers  have  so  far  proved  to  be  only  partly  successful;  the 
free  radical  contents  of  poly-phenoxyl ,  verdazyl  and  nitroxyl  were 
only  10-25  %  of  the  theoretical  values.  Efforts  to  improve  these 
polymer  reactions  are  in  progress. 
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Determination  of  Orientational  Order  in  Main-Chain  Liquid 
Crystals  Useful  As  a  High-Performance  Material 

Akihiro  Abe 

Department  of  Polymer  Chemistry 
Tokyo  Institute  of  Technology 
Ookayama,  Meguro-ku,  Tokyo  152 


1.  Introduction 

The  orientational  order  parameter  of  the  molecular  axis  is  a 
primarily  important  structural  criterion  in  characterizing  the 
mesophase.  The  deuterium  NMR  technique  has  been  proved  to  be  useful 
in  monitoring  the  average  orientation  of  anisotropic  molecules  when 
they  are  properly  labeled.  In  this  work,  we  have  developed  a  method 
to  elucidate  molecular  conformation  of  main-chain  liquid  crystals 
carrying  deuterated  flexible  spacers  by  utilizing  the  information 
provided  by  the  ^H-NMR  method. 

2.  Results  and  Discussion 

Deuterium  NMR  measurements  have  been  performed  for  main-chain 
polymer  liquid  crystals  (PLC)  having  structures  such  as 

[-0-OC(O)-0-O(CD2)nO-0-C(O)O-0-O(CH2)nO-]^ 

with  n=9.10.  The  RIS  analysis  of  the  ^H-NMR  spectra  was  performed  on 
the  basis  of  the  assignment  established  for  the  dimer  liquid  crystals. 
The  bond  conformation  probabilities  of  the  flexible  spacer  in  the 
nematic  phase  were  estimated.  The  results  indicate  that  the  nematic 
conformation  of  the  flexible  segment  is  amazingly  similar  between  the 
dimer  and  polymer  with  the  same  n.  The  difference  between  these  two 
arises  mostly  from  the  orientation  of  the  molecular  axis  in  the  liquid 
crystalline  domain.  The  orientational  order  parameters  of  the 
mesogenic  core  axis  estimated  from  these  analyses  were  found  to  be 
quite  consistent  with  those  observed  directly  by  using  raesogen- 
deuterated  samples.  The  molecular  scheme  described  above  requires  an 
extension  of  the  polymeric  chain  with  a  large  persistence  length, 
unless  some  folds  or  defects  are  occasionally  involved.  Above  the  NI 
transition  temperature,  the  conformational  restriction  imposed  by  the 
nematic  field  should  vanish.  In  the  isotropic  state,  the  random-coil 
conformation  becomes  most  stable.  Then,  a  question  arises  regarding 
how  sharp  is  the  transition  from  a  highly  extended  form  to  a  coil. 
The  ^H-NMR  method  is  sensitive  only  to  short-range  correlations.  To 

answer  the  question,  a  combined  use  of  some  other  technique  such  as 
the  small  angle  X-ray  or  neutron  diffraction  is  needed. 
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Fundanental  Analysis  on  the  Effect  of  the  Structural  Modification  on 
the  Electronic  Properties  of  Highly  Conductive  Polymers 
Haruo  Hosoya 

Department  of  Chemistry,  Ochanomizu  University, 

Bunkyo-ku,  Tokyo  112 

1.  Introduction  and  Method  of  Calculation 

We  have  been  analyzing  the  relation  between  the  profile  of  the  density  of  states 
of  the  ;r-electronic  structure  of  infinitely  large  periodic  benzenoid  hydrocarbons  and 
the  topological  structure  of  the  unit  with  the  HMO  and  PPP  methods.  It  has  already 
been  clarified  that  (1)  main  features  of  the  density  of  states  are  largely  determined 
by  the  orbital  energies  of  the  hypothetical  cyclic  dimer,  (2)  the  magnitudes  of  the 
HOMO'LUMO  gap  calculated  with  HMO  and  PPP  are  roughly  proportional  to  each  other,  and 
(3)  the  main  features  of  the  partial  structure  of  these  systems  can  well  be  understood 
from  their  typical  Kekule  structure.  The  purpose  of  the  present  study  is  (1)  to  ana¬ 
lyze  the  effect  of  the  branching  to  the  benzenoid  skeleton  on  the  density  of  states, 
and  (2)  to  apply  the  graph-theoretical  method  to  analyze  the  hitherto  obtained  rela¬ 
tions  for  the  electronic  structure  of  highly  conductive  polymers. 

2.  Results  and  Discussion 

(1)  From  the  collection  of  the  calculated  results  of  the  density  of  states  of 
branched  linear  and  zigzag  polyacenes  it  was  found  that  the  HOMO-LUMO  gap  is  sensi¬ 
tively  dependent  on  the  mode  of  branching.  However,  the  existence  or  non-existence  of 
the  gap  in  the  HMO  scheme  can  easily  be  predicted  from  the  typical  Kekule  structure. 
Several  model  networks  of  interesting  properties  were  found  and  discussed. 

(2)  Poly-p-phenylene.  polyanthracene,  and  polytetracene  are  known  to  have  non¬ 
zero  HOMO-LUMO  gap,  while  polynaphthalene  and  polypentacene  have  no  gap.  It  was  found 
from  the  graph-theoretical  analysis  that  these  different  behaviors  can  be  predicted  by 
seeing  if  the  hypothetical  cyclic  monomer  graph  has  NBMO's. 
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Design  of  High  Performance  Iron-Base  Austenitic  Alloys 

by  a  New  Alloy  Concept 

1\  2)  3) 

Natsuo  Yukawa  ,  Masahiro  Kawakami  ,  Masahiko  Morinaga  ;  Yoshinori  Murata 

l)Professor,  2)Associate  professor,  3)Ass1stant, 

Toyohashi  University  of  Technology* 

1-1  Hibarigaoka,  Tempaku-cho,  Toyohashi,  Aichi  440 

1.  Introduction 

Iron-base  austenitic  (fee)  alloys  are  widely  used  as  heat-  or  corrosion- 
resisting  high  performance  materials,  and  are  very  important  for  todays  high- 
technologies.  Recently,  we  have  developed  a  new  d-electrons  alloy  design 
concept  on  the  basis  of  the  theoretical  calculation  of  electronic  structure  of 
alloys.  In  this  design  concept  two  calculated  parameters  are  mainly  utilized. 
The  one  is  the  d-orbital  energy  level  (Md)  of  alloying  transition  elements,  and 
the  another  is  the  bond  order  (Bo)  that  is  a  measure  of  the  covalent  bond 
strength  between  atoms.  The  concept  was  devised  at  first  for  austenitic  Ni-, 
Co-  and  Fe-base  alloys  and  it  was  proved  the  phase  stability  and  some  physical 
and  chemical  properties  could  be  predicted  by  this  approach. 

This  study  aimed  to  apply  this  concept  to  the  design  of  high  performance 
Iron-base  austenitic  alloys  of  Fe-Ni-Mn-Cr-C-Ni  system. 

2.  Result  and  Discussion 

The  phase  stability  of  various  austenitic  steels  containing  Cr,  Mn,  Ni,  C 
and  N  was  examined  experimentally.  The  results  were  interpreted  using  these 
parameters,  and  a  new  "phase  stability  index  diagram"  was  proposed  for  the 
austenitic  steels.  In  this  diagram,  the  r'/r+oi^  and  the  </r+0((<5)  phase 

boundaries  are  well  represented  for  solution-treated  alloys,  and  also  the  T/J+CT 
phase  boundary  is  defined  for  aged  alloys.  Here,  JT  is  the  fee  matrix  phase,  and 
o(h«  o(  (<S  )  and  (T  are  the  martensite,  ferrite  and  sigma  phase,  respectively. 

Computer-aided  design  was  performed  so  that  the  steel  could  contain  the 
least  amount  of  high  activation  elements  such  as  Ni  and  N,  and  several  alloys 
were  selected  critically  as  the  materials  for  fusion  reactor. 
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Novel  Graphite  Intercalation  Compounds  with  Fluorine,  and  Fluorides: 
Synthetic  Pathways,  Properties  and  Analyses  of  Functionality 

Hidekazu  Touhara 

Department  of  Materials  Creation  Chemistry, 
Faculty  of  Textile  Science  and  Technology, 
Shinshu  University,  Ueda  386,  Japan 


1.  Introduction 

Attempts  have  been  made  to  prepare  a  series  of  fluorine-  and  fluoride- 
graphite  intercalation  compounds (GICs)  of  which  physical  and  chemical  properties 
are  well  controlled  in  a  wide  range.  In  addition  to  the  direct  fluorination 
means,  a  new  synthetic  pathway  to  involatile  f 1 uor ide-GICs  has  been  developed  in 
anhydrous  hydrogen  f 1 uor i de (AHF)  solution.  The  diverse  proterties  of  these  mate¬ 
rials  suggest  a  number  of  potential  applications  such  as  high  electrical  conduc¬ 
tors,  battery  and  electrode  materials,  precursors  for  two-d i me n t i ona 1  metal 
clusters  and  for  magnetic  materials. 

2.  Results  and  Discussion 

Here,  we  focus  our  attention  on  intercalation  reactions.  Since  the  impurity 
amount  of  HF  has  a  strong  influnce  on  fluorine  intercalation,  ab  initio  MO 
calculations  for  Fz-HF  system  have  been  caried  out  by  Gaussian  82  program  with  a 
6-31  G’"  basis  set.  Geometrical  optimization  and  energies  calculations  were  per¬ 
formed  by  Mol ler-Presset  perturbation  method  of  second  order(MP2)  and  MP4(SDTQ), 
respectively.  The  results  show  that  charge  transfer  does  occur  from  fluorine  to 
HF  and  that  the  Fa-HF  complex  has  a  considerable  stabilization  energy(-10.5  KJ/ 
mol).  Fa  molecle  consequently  becomes  polarizable  ”  soft  Lewis  acid  .  On  the 
basis  of  these  results  and  relevant  experimental  evidences,  spontaneous  fluorine 
intercalation  reaction  is  deduced. 

The  same  calculations  were  extended  to  the  Cla-HF  system.  However  the  in¬ 
teraction  in  this  system  is  slightly  weaker  than  that  of  the  Fa-HF,  changes  in 
molecular  properties  and  charge  distribution  occur  by  Cla-HF  complex  formation. 
Then  the  interaction  between  chlorine  and  HOPG  has  been  examined  under  the  pre¬ 
sence  of  HF  or  Fa.  Chlorine  intercalaiton  does  occur  after  14  days  reaction  in  2 
atm  chlorine  at  15*C,  but  fluorine  intercalation  occurs  simultaneously.  The  pure 
stage-2  compounds  are  Cii-iaClF  with  di  values  of  3.06-3.26  A.  These  materials 
are  very  stable  even  in  moist  air.  The  other  stage  compounds  except  stage-2  are 
obtained  as  admixture.  The  electrical  conductivity  of  stage-2  compound  is  12 
times  higher  than  that  of  pristine  HOPG. 
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An  approach  to  organic  ferromagnetic  materials 
through  negative  spin  density 
Jun  Yamauchi 

College  of  liberal  arts  and  sciences, 
Kyoto  University,  Kyoto  606 


1 .  Introduction 

Organic  magnetic  materials,  especially  f erromagnetically  interact¬ 
ing  substances,  have  attracted  much  attention.  One  of  the  possible 
mechanisms  was  proposed  by  McConnell  to  obtain  organic  ferromagnets  on 
the  basis  of  negative  spin  density  on  the  organic  molecules.  In  this 
study  we  are  to  establish  an  experimental  method  to  ascertain  negative 
spin  density  and  to  examine  the  possibility  of  McConnell  *  s  mechanism. 

2.  Results  and  Discussion 

The  experimental  methods  to  identify  the  negative  spin  density 
were  carried  out  using  multiple  electron  resonance  spectroscopy,  that 
is,  electron-nuclear  double  resonance (ENDOR)  and  triple  resonance(TRI 
PLE) .  First,  we  improved  on  those  spectrometers,  including  resonance 
cavities  and  implemented  high-sensitivity.  Among  neutral,  anion,  and 
cation  radicals,  we  concentrated  our  attention  to  one  of  the  neutral 
radicals,  t-butyl -phenyl  nitroxide.  The  ESR  and  ENDOR  results  were 
found  to  be  compatible  and  the  TRIPLE  spectra  indicated  that  the  meta¬ 
carbon  atoms  of  the  benzene  ring  possess  negative  spin,  whereas  the 
ortho-  and  para-carbon  atoms  positive  one.  This  was  also  assured  by 
the  cross-relaxation  ENDOR  called  CRISP.  According  to  the  molecular 
orbital  calculations,  the  negative  spin  density  was  rather  reduced  by 
stexic  hindrance  between  the  t-butyl  and  phenyl  groups.  In  view  of 
the  results,  only  an  intermolecular  interaction  directly  between  the 
meta-carbons  and  N-0  group  is  suggested  as  a  possibility  of  realizing 
ferromagnetism  in  this  molecule. 
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Electronic  Structures  and  Mechanisms  in  Surface -Molecule  Interaction  Systems 

Hiroshi  Nalcatsuji 

Division  of  Molecular  Engineering 

Graduate  School  of  Engineering 

Kyoto  University 

Kyoto  606 

1 .  Introduction 

We  study  in  this  project  the  surface-molecule  interaction  systems,  in  particu- 
Icir,  the  solid  catalysts,  from  the  theoretical  and  molecular  engineering  point  of 
view.  Based  on  the  analyses  of  the  electronic  processes  in  these  systems,  we  would 
like  to  obtain  key  ideas  for  the  design  of  the  materials  involving  surface-molecule 
interactions . 

2.  Results  end  Discussion 

I.  Oxygen  chemisorption  on  silver  surface 

Silver-oxygen  surface  interaction  system  is  a  very  efficient  catalyst  for 

partial  oxidation  of  ethylene  leading  to  ethylene  oxide,  and  this  reaction  is 

realized  in  chemical  industry.  Nevertheless,  the  catalytic  mechanism  of  this 

reaction  is  not  yet  clarified.  Here,  we  study  theoretically  chemisorption  of  a 

oxygen  molecule  on  a  silver  surface,  an  important  first  step  of  this  catalytic 

1 ) 

reaction,  with  the  use  of  the  dipped  adcluster  model  (DAM)  previously  reported 
Electron  transfer  from  solid  silver  to  oxygen  is  essential  for  the  occurrence  of  the 
chemisorption.  Stable  geometry  is  end-on  bent  structure.  About  0.8  electron  is 
transferred  into  ©2,  0.6  for  the  nearer  and  0.2  for  the  distant  one.  The  frontier  MO 
has  larger  amplitude  on  the  distant  atom.  The  surface  structure  such  as  step, 
terrace,  kink,  etc.,  is  reflected  on.  chemisorption  energy,  which  is  calculated  to 
be  13  -  26  kcal/mol  in  comparison  with  the  experimental  value  of  16-28  kcal/mol. 

II.  Chemi sorption  of  alkali  metal  ^  a  ^  surface 

Alkali  metal  works  as  a  promoter  of  catalytic  reaction.  Chemisorption  of 
alkali  metal  on  a  metal  surface  leads  to  a  lowering  of  the  work  function,  and 
thereby  facilitates  electron  transfer  from  a  metal  surface  to  an  admolecule.  We  here 
study  chemisorption  of  Li2  to  a  Pt  surface  with  the  DAM  model.  The  electron  transfer 
here  is  from  an  admolecule  to  a  metal  surface,  which  is  reverse  to  the  above  ^9-^2 
system.  The  side-on  cai-top  geometry  is  studied.  The  catalytically  active  state  is 
the  excited  state  of  the  Pt  atom.  The  ionization  potential  of  PtLi2  is  calculated  to 
be  4.82  eV  which  is  lower  than  the  work  function  of  a  Pt  surface,  5.63  eV.  The  Fermi 
level  is  a  mixture  of  6s (Pt)  and  2s (Li)  AO's.  We  plan  to  study  the  electronic 
processes  and  mechanisms  in  the  promoted  catalytic  reactioi  in  more  detail. 
References 

1)  H.  Nakatsuji,  J.  Chem.  Phys.  87,  4995  (1987). 
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A  Study  on  Electrical  and  Optical  Property  of 
Conducting  Polymer  and  Origin  of  Its  Functionality 
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1 . Introduction 

Conducting  polymers  with  highly  extended  electron  system  in  the 
main  chain  have  attracted  much  attention  as  functional  polymers.  In  this 
study  electrical  and  optical  properties  as  functions  of  molecular 
structure  and  cnformation  are  experimentally  studied  in  detail  and  their 
mechanisms  are  discussed. 

2. Results  and  Discussion 

Poly(3-alkylthiophene)s  with  various  lengths  of  alkyl  chains  were 
prepared  and  used  as  the  samples.  Following  results  have  been  obtained. 

(1)  Drastic  change  of  electrical  and  optical  properties  of  poly(3- 
alkylthiophene)s  upon  temperature  change  can  be  explained  in  terms  of 
effect  of  the  change  of  effective  conjugation  length. 

(2)  Anomalous  temperature  dependence  of  conductivity  of  poly ( 3-alkyl- 
thiophene)  was  observed  in  the  temperature  range  in  which  the 
remarkable  spectral  change  was  observed. 

(3)  Luminescence  of  poly(3-alkylthiophene)  exhibited  anomalous  temper¬ 
ature  dependence.  That  is,  luminescence  intensity  was  enhanced  with 
increasing  temperature  contrary  to  the  usual  inorganic  semiconductors. 

(4)  At  the  transition  from  solid  to  liquid  states,  the  electrical 
conductivity  decreases  in  stepwise  and  then  in  liquid  state  it  again 
increases  with  temperature. 

(5)  Though  the  absorption  peak  shifted  to  shorten  wavelength  with 
temperature  but  the  absorption  edge  was  temperature  insensitive  in  the 
solid  state,  at  the  phase  transition  from  the  solid  to  the  liquid  the 
absorption  edge  shifted  to  higher  energy  side. 

(6)  Upon  applying  hydrostatic  pressure,  the  melting  point  and  the 
temperature  of  stepwise  decrease  of  resistivity  increases. 

(7)  Hydrostatic  pressure  induced  the  red  shift  of  absorption  spectrum. 

(8)  These  novel  characteristics  can  be  explained  by  the  change  of 
effective  conjugation  length  upon  temperature  change  induced  by  the 
introduction  of  torsioning  of  bonds  between  thiophene  rings  due  to  the 
steric  hindrance  effect  between  alkyl  chain  and  sulphur  atoms 
triggered  by  the  conformation  change  of  alkyl  chains. 


Ab  Initio  Molecular  Orbital  Calculations  of  Effective  Exchange 
Integrals  :  Design  of  New  Magnetic  Polymers 
Kizashi  Yamaguchi 

Faculty  of  Engineering  Science,  Osaka  University, 
Toyonaka,  Osaka  560,  Japan 


1 ,  Introduction 

The  approximately  projected  UHF  Moller-Plesset  (APUMP)  perturbation  method 
was  applied  to  ab  initio  calculations  of  effective  exchange  integrals  (Jab)  for 
clusters  of  organic  radicals,  and  transition  metal  oxides  and  halides.  The 
atomic  parameters  for  the  two-  and  four-band  Hubbard  models  were  determined  so  as 
to  reproduce  the  calculated  Jab-values  for  transition  metal  oxides  and  halides, 
which  were  accepted  for  current  interest  in  relation  to  the  high-Tc  super¬ 
conductivity  observed  for  Cu-0  based  superconductors.  The  Hubbard  models  were 
solved  by  the  full  valence-bond  configuration  interaction  (Cl)  method. 

2.  Results  and  Discussions 

The  present  calculations  revealed  the  following; 

(A)  Electron  correlation  effect:  The  magnitude  of  Jab-values  for  clusters  of 
organic  radicals  was  largely  dependent  on  the  electron  correlation  effect, 
whereas  the  sign  was  insensitive  to  the  effect.  This  supports  the  results 
obtained  by  the  PUHF  (mean  field  approximation)  method  last  year. 

(B)  Spin  glass  and  amorphous  ferromagnetism:  The  signs  of  Jab- values  for 
organic  clusters  were  largely  dependent  on  the  conformation  and  stacking  mode 
of  organic  radicals.  The  spin  glass  and  amorphous  ferromagnetism  are  theore¬ 
tically  concluded  for  organic  solids  unless  stacking  modes  are  at  least 
controlled  by  several  techniques. 

(C)  Cooperative  mechanism  for  high-Tc  superconductivity.  Both  the  magnetic  and 
charge  transfer  excitations  were  contributed  to  the  electronic  structures  of 
copper  oxides  clusters  with  02p  holes.  The  extended  Hubbard  models  by  the  use 
of  realistic  parameters  supported  a  mix  mechanism  of  spin  and  charge  fluctua¬ 
tions  for  the  high-Tc  superconductivity  observed  for  Cu-0  based  superconductors. 

A  cooperative  model  was  proposed  as  an  extenstion  of  the  J-model  and/or  CT  model 
for  the  high-Tc  superconductivity. 

(D)  Possible  organic  analogs  to  copper  oxides:  The  ab  ini to  and  extended  Hubbard 
calculations  revealed  that  the  CNC  unit  is  isolobal  to  CuOCu  unit.  The  possible 
organic  analogs  to  copper  oxides  were  proposed  on  the  basis  of  this  analogy  and 
related  experiments. 

The  further  calculations  of  relatively  larger  clusters  are  in  progress. 


15 


High  Conductivity  Function  and  Conduction  Hechanisa  of  Fluoride  Ion  in 
Fluoride  Glasses 

Yoji  Kawaaoto  and  Noriyuki  Sotani* 

Faculty  of  Science,  Kobe  University 
t657  1-1,  Rokkodai,  Nada,  Kobe 

♦College  of  Liberal  Arts,  Kobe  University 
x  657  1-2,  Tsurukabuto,  Nada,  Kobe 


1 .  Introduction 

The  lain  object  of  this  study  is  to  exaaine  the  aechanisa  of  fluoride-ion 
conduction  in  fluoride  glasses  in  atoaic  scale  and  then  to  present  the  cheaical 
coapositions  and  the  preparation  aethods  for  obtaining  glasses  with  faster  fluo- 
ride-ion  conduction.  At  the  saae  tiae,  however,  if  conduction  due  to  other  ions 
(e.g.  alkaline  ions)  or  electrons  is  expected  in  fluoride  glasses,  exaaination 
of  such  conduction  also  is  one  of  the  object.  In  other  words  the  final  purpose 
of  this  research  proposal  is  to  elucidate  potentialilty  of  fluoride  glasses  as  a 
solid-state  ionics. 

2.  Results  and  Discussion 

Last  year  the  design  of  cheaical  coaposition  for  realizing  fast  fluoride-ion 
conduction  in  fluoride  glass  systeas  was  investigated  by  exaaining  the  fluoride 
ion-conduction  aechanisa  in  ZrF4-based  glasses  using  NNR,  EXAFS,  and  ac  con¬ 
ductivity  techniques.  As  the  result  various  fluoride  systeas  which  can  yield 
glasses  with  high  electrical  conductivities  were  developed.  Those  are  the  ZrF4-, 
ZnF2-.  FeF3-,  GaF3-,  and  InF3-based  systeas.  Notably  the  InF3-based  systea  gave 
glasses  with  extreaely  high  conductivities  that  aay  be  characterized  as  a  super 
ionic  conductor. 

This  year  two  researches  were  perforaed.  The  one  research  is  the  Zr-EXAFS 
experiaent  of  ZrF4-based  glasses  in  Institute  for  High  Energy  Physics  to  obtain 
aore  reliable  inforaation  on  the  F  coordination  of  Zr,  The  other  is  the  electro¬ 
lysis  experiaent  of  the  FeF3-  and  ZrF4-based  glasses.  The  latter  research  pre¬ 
sented  two  reaarkable  findings:  aixed  fluoride-ion  and  electron  conduction  in 
FeF3-based  glasses,  and  vitreous  state  electrolysis  in  both  FeF3-based  and  ZrF4- 
based  glasses.  The  electronic  conduction  found  in  FeF3-based  glasses  was  proved 
to  be  due  to  the  coexistence  of  Fe^*  and  Fe3+  ions  and  the  electron  hopping  bet¬ 
ween  these  ions.  On  the  other  hand,  the  vitreous  state  electrolysis  was  found  to 
result  froi  the  fact  that  glass  network-foriing  fluoride-ions  are  lobile. 

At  present  a  research  on  the  lixed  fluoride-ion  and  alkaline-ion  conduction 
in  alkaline  fluoride-containing  ZrF4-based  glasses  is  in  progress. 
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1.  Introduction 

The  concept  of  the  through  space/bond  interactions  has  been  known 
to  be  useful  to  relate  the  ionization  potential  and  the  electron  affinity 
of  a  molecule  in  question  with  the  molecular  structure.  Consequently, 
it  is  expected  that  the  band  structure  of  a  polymer  is  connected  with 
its  molecular  structure  in  terms  of  the  through  space/bond  interactions. 
Thus,  we  are  applying  the  analysis  of  the  through  space/bond  interactions 
to  polyf luoroacetylene  and  polyhydroxyacetylene  doped  with  Be  atoms. 

2.  Results  and  Discussion 

Energy  band  gaps  of  polyacetylene,  polyf luoroacetylene  and  poly¬ 
hydroxyacetylene  were  calculated  by  ab  initio  SCF  method  with  ST0-3G 
basis  set,  and  were  found  to  be  more  than  6  eV,  leading  to  the  conclusion 
that  these  polymers  are  insulators.  On  the  other  hand,  energy  band  gaps 
of  polyf luoroacetylene  and  polyhydroxyacetylene  were  found  by  calculations 
to  decrease  remarkably  by  doping  with  Be  atoms  and  are  nearly  2  eV. 
Accordingly,  these  doping  systems  are  expected  to  have  no  band  gaps  and 
metallic  in  nature  for  the  electric  conductivity,  because  it  has  been 
well  known  that  the  band  gap  calculated  by  ab  initio  SCF  method  with 
STO-3G  basis  set  gives  too  large  value  in  comparison  with  the  experimental 
data  as  well  as  the  theoretical  value  calculated  with  the  electronic 
correlation  effect  and  the  larger  basis  set. 

LUMO  energy  band  includes  mainly  the  contribution  of  the  tt  orbital 
on  the  backbone  while  HOMO  energy  band  mainly  consists  of  Be  2s  orbitals. 
The  reason  for  the  elevating  of  HOMO  energy  band  and  thus  for  the  narrow¬ 
ing  of  the  energy  band  gap  were  studied  for  polyhydroxyacetylene-Be 
system  in  terms  of  through  space/bond  interactions.  It  is  the  coupling 
terms  between  the  Be-0  and  the  Be-H  through  space  interactions  that  is 
responsible  for  the  narrowing  of  the  energy  band  gap.  The  effect  of 
these  coupling  terms  are  intimately  related  to  the  crystal  orbital  symm- 
try  in  accordance  with  Woodward-Hof fmann  rule. 
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1 .  I n  t roduc  t ion 

Understanding  of  the  relation  between  magnetic  properties  and 
metallic  (or  superconducting)  behavior  will  give  us  a  new  horizon  in  the 
chemistry  and  physics  of  the  molecular  conductors  (superconductors).  A 
series  of  highly  conducting  anion  radical  salts,  (Ri  ,  Rs -DCNQI  ):>  Cu 
(DCNQI=N,N*-dicyanoquinonedi imine;  Ri  ,  Rs  =  CHs  ,  CH3O,  Cl,  Br),  is  a 
system  where  the  3d  orbitals  of  Cu  interact  with  the  organic  2p7r 

orbitals  through  the  coordination  bond.  We  have  tried  to  characterize 

its  metallic  state  with  attention  to  the  existence  of  the  Cu^  Cd®  )  ion. 

2.  Results  and  Discussion 

We  have  explained  the  metallic  state  of  (Ri , R2 -DCNQI )2 Cu  with  the 
‘’mul  i  t-Fermi  surface"  model  based  on  the  mixing  of  the  LUMO  of  DCNQI  and 
the  3d  orbitals  of  Cu  in  the  mi  xed-val  ence  state  (Cu*^  :  Cu^  *  =  2  :  1). 

The  me t al - i nsul at  or  (M-I)  transition  at  low  temperature  can  be  understood 
as  a  cooperative  structural  phase  transition  induced  by  the  CDW 
instability  of  the  DCNQI  column  and  the  second-order  Jahn-Teller 
distortion  around  the  Cu  ion.  We  have  found  the  novel  pressure- i nduced 
M-I  transition  in  the  case  of  Ri  =  R2  =  CHs  ,  CH3O.  The  static  spin 
susceptibility  measurements  were  performed  on  the  powder  samples  of 
(DMe-DCNQI )2 Cu  (Ri  =  Rs  =  CHs;  stable  metal  down  to  0.5  K  at  ambient 
pressure)  and  (DBr-DCNQI )2 Cu  (Ri  =  R2  =  Br;  M-I  transition  at  160  K) . 

The  paramagnetic  susceptibility  ixv  )  of  (DMe-DCNQI )2 Cu  is  very  weakly 

temperature  dependent  at  T  >  120  K  and  T  <  30  K.  The  fact  that  the  Xp 
value  is  enhanced  at  70  K  suggests  that  the  metallic  state  of  (DMe- 
DCNQI  )2  Cu  is  magnet i cal  1 y  classified  into  two  types .  The  room- 
temperature  Xp  value  of  (DBr-DCNQI )2 Cu  is  smaller  than  that  of  (DMe- 
DCNQI)2Cu,  which  should  be  related  to  the  fact  that  the  distortion  of  the 
coordination  tetrahedron  of  Cu  in  (DBr-DCNQI >2 Cu  is  larger  than  that  in 
(DMe-DCNQI )2 Cu.  The  simple  t i gh t-b i nd i ng  band  calculation  indicates  that 
the  increase  of  the  ligand  field  splitting  of  3d  orbitals  leads  to  the 
decrease  of  the  density  of  state  at  the  Fermi  level.  We  have  observed  a 
significant  jump  of  Xp  of  (DBr-DCNQI )2 Cu  at  Tn  -  i  . 
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1.  Introduction 

Non-equilibrium  metastable  phases  of  the  transition  metals  are  expected  to  dis¬ 
play  a  variety  of  magnetic  behaviors.  The  interplay  between  their  structural  traits 
such  as  the  interatomic  distances  and  their  magnetic  properties  is  especially  in¬ 
triguing  and  may  lead  to  some  vital  technological  applications.  In  order  to  gain 
some  insights  into  this  issue,  we  are  currently  attempting  to  grow  various  magnetic 
multilayer  systems  in  the  ultra  high  vacuum  (UHV)  environments  by  use  of  the  molecu¬ 
lar  beam  epitaxy  (NBE)  technique. 

2.  Results  and  Discussion 

As  our  first  trial,  we  chose  to  investigate  the  magnetic  properties  of  fee  Fe 
films,  which  are  metastable  at  room  temperature.  We  have  grown  a  sample  of  multi¬ 
layer  of  FedOA  thick)  and  Cu(20A  thick)  on  (lOO)Cu  layers(200A  thick)  over  a  SrTiOa 
substrate  under  the  following  conditions!  the  UHV  at  10"®  torr,  the  substrate  tem¬ 
perature  at  373K  and  the  layer  growth  rate  at  0.1'^0.2  A/sec.  Our  x-ray  diffraction 
study  showed  that,  contrary  to  our  expectation,  our  sample  had  an  average  period  of 
14A  and  contained  some  bcc  Pe  phases.  By  the  magnetic  measurement,  it  was  also  found 
to  be  ferromagnetic  at  room  temperature. 

We  are  further  pursuing  a  detailed  study  of  the  Fe/Cu  multilayers  and  intend  to 
extend  our  investigation  to  other  magnetic  multilayer  systems. 
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1.  Introduction 

Niobium  nitride  and  its  relating  compounds  are  expected  as  stable 
superconducting  materals , especially  for  radioactive  ray.  This  studv  aims 
to  synthesize  such  nitrides  in  various  forms  of  powders,  plates  and  films 
by  the  new  processing  routes  of  the  combustion  synthesis  and  the  non¬ 
equilibrium  reaction  sputtering. 

2 .  Results  and  Discussion 

1)  Combustion  synthesis  of  NbN^-xC^  solid  solution  powders 

The  experimental  results  on  the  combustion  synthesis  of  B1  phase  NbN 
powders  were  reported  last  year.  In  this  year, the  combustion  synthesis 
of  solid  solution  was  tried.  The  mixed  reactants  of  Nb  and  C 

with  various  compositions  were  burned  in  pressurized  nitrogen  gas  at  3 
to  10  MPa  and  the  solid  solutions  of  NbN^.j^Cx  (0<Xi0 . 8)  with  B1  phase  were 
synthesized.  The  superconducting  transition  temperature  showed  a  peak 
value  of  18.8  k  at  around  x=0.4,  which  was  0.9  k  higher  than  the  highest 
reported  value  for  this  system. 

2)  Combustion  synthesis  of  NbN  ceramic  plate 

Ceramic  plate  of  NbN  with  T0=16.2  k  was  formed  by  the  nitrization  of  Nb 
metal  plate  by  burning  the  combustion  agent  of  Nb+NbN  mixed  powders  under 
pressurized  nitrogen  atmosphere.  This  method  is  available  to  form  various 
shape  components  of  NbN  and  other  transition  metal  nitrides  such  as  TiN 
and  TaN. 

3)  Synthesis  of  Moi-^x^xN  (M=Nb ,  Zr )  thin  films 

Solid  solution  films  of  Mo]^.-3jM3^N  (M=Nb ,  Zr ,  x=0'^l )  were  synthesized  by  a 
reaction  sputtering.  The  superconducting  transition  temperatures  were 
lowered  by  incorporating  Nb  and  Zr  atoms  into  MoN,  which  is  probably 
attributed  to  the  electronic  states  and/or  the  lattice  defects. 

The  thermal  stability  of  Mo^-j^Nb^^N  was  investigated  by  annealing  test. 
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1.  Introduction 

High  pressure  environments  can  be  utilized  for  synthesis  and  development  of 
new  materials  most  effectively,  especially  when  they  are  characterized  precisely 
or  modified  with  well-controlled  other  factors.  Study  on  mechanisms  of  material 
formation  can  also  be  performed  advantageously  by  the  use  of  them. 

2.  Results  and  Discussion 

(2-1^)  Graph  it  e/diamond  equilibrium  pressure 

This  equilibrium  pressure  can  be  calculated  using  therraochemical  properties 
(specific  heat  and  heat  of  combastion)  of  graphite  and  diamond  at  the  atmos¬ 
pheric  pressure,  and  the  molar  volumes  as  functions  of  pressure,  P  and  temper¬ 
ature,  T.  In  the  most  believable  result  of  the  calculation  (Berman,  1979),  how¬ 
ever,  the  molar  volume  of  graphite,  Vg(P,T),  is  not  a  directly  measured  quantity 
,  but  estimated  on  some  assumption.  Thus,  direct  measurement  of  Vg(P,T)  is  re¬ 
quired  for  Berman’s  equilibrium  pressure  to  be  reliable.  And  it  is  now  possible 
by  the  use  of  high  pressure-high  temperature  x-ray  diffraction  combined  with  SR 
(synchrotron  radiation).  The  measurement  was  performed  at  Photon  Factory  of 
Institute  for  High  Energy  Physics,  Tsukuba.  Compression  curves  obtained  at  room 
temperature  and  at  600*0  are  both  in  excellent  agreement  with  those  used  in 
Berman  s  calculation.  In  conclusion  Berman’s  equilibrium  pressure  is  confirmed 
to  be  very  reliable. 

(2-2)  Formation  of  a  crystalline  solid  solution  between  BN  and  C, 

Amorphous  BCN  composite  was  melted  by  flash  heating  (heating  with  a  large 
pulse  of  electric  current)  at  a  pressure  of  about  2GPa.  The  obtained  material, 
with  an  appearance  very  similar  to  graphite,  showed  lattice  constants  very  close 
to  those  of  gBN  (the  low  pressure  phase  BN  with  a  graphite-like  structure). 
According  to  element  analysis  by  AES,  the  material  is  composed  of  B,  N  and  C, 
where  B  and  N  exist  in  about  the  same  quantity,  and  C  in  varied  quantity  up  to 
about  the  same  as  that  of  B  and  N.  It  is  very  probable  that  solid  solutions 
with  the  structure  of  gBN  were  realized.  Those  with  the  graphite  structure 
(C-rich  materials)  are  in  search. 
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Molecular  Design,  Synthesis,  and  Evaluation  of  High  Performance 

Polymeric  Materials  for  Harsh  Environments 

Yoshio  Imai 

Department  of  Organic  and  Polymeric  Materials,  Tokyo  Institute 

of  Technology,  Ookayama,  Meguro-ku,  Tokyo  152 

1.  Introduction 

Recently,  we  have  found  that  h i gh-s t reng t h  and  high-modulus 
copolyimide  films  could  be  prepared  by  the  introduction  of  rigid  rod 
poly-p-phenylenepyromel 1 i timide  molecule  Z  to  semi-flexible  polyoxydi- 
p-pheny 1 enepyrome 1 1 i t i m i de  molecule  i  via  random  and  block 
copo 1 yroer i za t i ons .  The  purpose  of  our  present  study  was  to  obtain 
copolyimide  films  with  higher  strength  and  higher  modulus.  Dynamic 
mechanical  analysis  was  used  as  the  major  tool  to  -evaluate  the 
mechanical  properties  of  the  copolyimide  films. 

2.  Results  and  Discussion 

A  series  of  random  and  block  copolyimides  consisting  of  semi- 
flexible  molecule  1  and  rigid  rod  molecule  Z  were  prepared  by  the  N- 
tr imethylsi lyl-subs t i tuted  diamine  method  (silylation  method),  as  well 
as  by  the  conventional  diamine  method.  The  plots  of  dynamic  loss 
modulus  E*’  as  a  function  of  temperature  showed  a  -loss  peak  around 
400*C,  probably  due  to  glass  transition  temperature,  for  both  random 
and  block  copolyimide  films.  The  dynamic  storage  modulus  E’  and  the 
a  -loss  peak  increased  with  increasing  rigid  rod  segment  for  all  the 
copolyimide  films.  It  is  interesting  to  note  that  the  E'  values  of 
the  copolyimide  films  prepared  by  the  diamine  method  were  higher  than 
those  of  the  films  by  the  silylation  method.  This  may  be  attributed  to 
the  difference  in  the  film  microstructures  of  copolyimides  obtained 
from  polyamic  acids  and  polyamic  acid  trimethyl  si lyl  esters. 

Although  the  E*  values  of  the  random  copolyimide  films  annealed 
at  330*C  were  almost  comparable  to  those  of  the  films  annealed  at 
280*C,  the  a  -loss  peaks  of  the  former  films  shifted  to  above  400*C. 
The  uniaxially  oriented  block  copolyimide  films  were  prepared  by  the 
cold  drawing  (60%)  of  the  polyamic  acid  t r i roe  thy 1 s i 1 y 1  ester  films, 
followed  by  annealing  at  280*C.  The  E*  values  and  a  -loss  peaks  of 
the  oriented  films  rose  considerably  on  the  basis  of  those  of  the 
unoriented  films.  The  cold  drawing  also  improved  markedly  the  tensile 
properties  of  the  copolyimide  films.  The  tensile  strength  and  tensile 
modulus  of  the  oriented  films  were  two  to  three  times  higher  than 
those  of  the  unoriented  films. 


22 


High-pressure  synthesis  of  "periodic  compounds"  and 
their  optical  and  electrical  properties 

Tadashi  Endo  .  .  r  ■ 

Department  of  Molecular  Chemistry  and  Engineering 
Faculty  of  Engineering,  Tohoku  University 
Aoba,  Sendai,  Miyagi  980  JAPAN 

1.  Introduction 

During  the  past  few  years  considerable  attention  has  been  given 
to  the  investigation  of  the  isoelectric  semiconductors  with  carbon. 
Recently,  some  of  them  involved  the  "periodic  compounds"  which  consisted 
of  elements  disposed  unsymmetrical ly  with  respect  to  the  location  of 
carbon  in  the  periodic  table.  It  would  be  seemed  worth  while  utilizing 
the  high  pressure-temperature  conditions  to  attempt  their  synthesis. 

Here  we  report  the  high  pressure  synthesis  of  new  compounds  in  the 
boron-sulfur  system. 

2.  Results  and  Discussion 

The  mixture  of  amorphous  boron  and  sulfur  powder  was  charged 
into  a  cylindrical  gold  or  hBN  capsule,  inserted  into  the  high  pressure 
cell  assemblage  and  then  subjected  to  the  conditions  of  600-1500  C 
and  1.0-5. 5  GPa  for  0. 5-2.0  hr  using  a  belt-type  apparatus.  Two  phases 
were  recognized  in  the  B/S  ratios  of  1:1  to  2:1.  Most  samples  were 
opaque  and  gray  or  ivory  in  color.  Chemical  analysis  of  high-temperature 
phase  indicated  a  B/S  ratio  1:1.  The  phase  hence  is  assigned  the 
formula  of  BS.  The  powder  x-ray  diffraction  of  BS  was  very  similar 
to  that  of  GaS,  and  readily  indexed  assuming  the  space  group  of  R3m 
with  hexagonal  dimensions  of  a=3.052  A  and  c=20.406  A.  The  absorption 
edge  of  BS  was  estimated  to  be  3. 3-3. 7  eV.  The  electrical  property 
of  BS  was  p-type  semiconductive  with  the  activation  energy  of  about 
0.14  eV,  because  its  thermoelectric  power  was  in  the  range  of  +420- 
530  yV/K.  Its  resistivity  was  about  a  few  kfi  cm  at  room  temperature. 

In  this  system,  to  clarify  the  compositional  dependence  of 
electrical  properties  is  the  subject  for  a  future  study. 
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A  Study  of  the  Novel  Synthesis  Method  of  Amorphous  Alloys 
by  Hydrogen  Absorption 

Tsuyoshi  Masumoto,  Kiyoshi  Aoki,  Hasamichi  Kimura 
and  Noriyuki  Kataoka 

Institute  for  Materials  Research,  Tohoku  University 
Katahira  2-1-1,  Sendai  980 

1  .Introduction 

Recently,  it  has  been  demonstrated  that  amorphous  alloys  can  be 
prepared  without  rapid  quenching,  i.e.  by  hydrogen  absorption.  However, 
the  amorphizing  alloy  systems,  the  mechanism,  the  progress  and  physical 
properties  of  hydrogen-induced  amorphous  alloys  are  still  uncertain. 
The  purposes  of  the  present  work  are  to  search  amorphizing  alloys,  to 
obtain  a  detailed  understanding  of  the  progress,  to  discuss  the 
mechanism,  and  to  examine  the  magnetic  properties  of  the  resultant 
amorphous  alloys, 

2.  Results  and  Discussion 

By  hydrogenation  of  the  Laves  phase  RFe2  and  RC02  compounds  (CIS 
structure)  (where  R  =  Y,  Sm,  Gd,  Tb,  Dy,  Ho  or  Er),  Ce3Al(  DO^g 
structure)  and  Zrgin  (Li  2  structure),  we  demonstrate  that  it  is 
possible  to  produce  amorphous  alloys  containing  hydrogen.  Hydrogen- 
induced  amorphization  in  GdFe2  has  been  studied  by  means  of  differential 
thermal  analysis  (DTA)  in  a  hydrogen  atmosphere  in  order  to  know  the 
kinetics  and  the  nature  of  amorphization.  The  DTA  curve  shows  four 
exothermic  peaks.  The  first  exothermic  peak  is  due  to  absorption  of 
hydrogen  in  the  crystalline  state,  i.e.,  c-GdFe2  becomes  c-GdFe2H3^3. 
The  second  one  is  due  to  the  transformation  from  c-GdFe2H3_g  to  a- 
GdFe2H2  3*  Since  the  second  peak  due  to  amorphization  is  sharp,  we  can 
conclude  that  hydrogen-induced  amorphization  is  completed  in  a  short 
time.  The  present  DTA  data  clearly  demonstrate  that  the  hydrogenated 
crystalline  phase  is  less  stable  than  the  corresponding  amorphous 
phase,  because  the  former  transforms  to  latter  by  an  exothermic 
reaction.  The  driving  force  for  the  hydrogen  -induced  amorphization  is 
suggested  to  be  the  difference  in  the  enthalpy  resulting  from  the 
different  hydrogen  occupation  sites  in  both  states  of  alloy.  Hydrogen 
induced  amorphization  in  RFe2  (  where  R  =  Tb,  Dy ,  Ho  and  Er)  reduced 
the  Curie  temperature  of  the  original  compounds  in  the  same  manner  as 
hydrogen  induced  amorphization  in  GdFe2. 
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1.  Introduction 

This  research  is  concerned  with  the  control  of  preparation, 
structure,  and  properties  of  plasma  polymerized  thin  films  from 
titanium  tetraisopropoxide •  The  objective  of  this  investigation 
is  to  obtain  thin  films  consisting  of  organo-metal  multiphase 
structure  and  to  find  out  their  specific  opto-electrical  properties 
based  on  their  heterO'-interfacial  structure. 

2.  Results  and  discussion 

Polymeric  thin  films  were  prepared  from  gaseous  titanium 
tetraisopropoxide  by  low  temperature  plasma  polymerization. 

The  obtained  films  were  n-type  semiconductor  and  showed 
conductivities  of  the  range  between  10“^-102  S/cm  and  high 
photoconductivity.  The  value  of  photo-current  observed  was 
as  high  as  7.2)aA  under  irradiation  of  SOmW/cm^  of  visible  light. 
This  exceeds  nearly  3  orders  of  magnitude  the  value  of  the 
films  obtained  by  polymerization  of  copper  acetylacetonate  (6nA) . 
TEM  observation  was  carried  out  in  detail  in  order  to  investigate 
the  texture  of  the  film  ,  particularly  the  sizes  of  the  metal 
and  organic  layers.  The  percolation  structure  consisting  of 
metal  and  organic  alternative  layers  of  20  nm  each  could  be  seen. 

It  was  also  found  that  when  the  film  was  exposed  to  fuel 
gases  the  conductivity  of  thin  film  increased  with  increase  in 
gas  concentration.  The  extent  of  the  increased  conductivity 
depended  on  the  surface  temperature  of  films.  Mechanism  of 
conductivity  change  of  the  films  in  the  presence  of  fuel  gases 
was  discussed  . 
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Preparation  and  Control  of  New  Functional  Thin  Films  by  Use  of  High 
Dose  Ion  Implantation. 


Shoichi  Okamoto 
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Introduction 

In  recent  years,  iron  nitrides  have  been  investigated  to  be  magnetic 

materials  in  expectations  of  their  high  corrosion  durability  and  strong 

hardness.  Among  them,  however,  single  phase  of  Fe  N  has  not  been 

16  2 

synthesized  yet,  although  it  might  have  giant  magnetization  much  higher 
than  that  of  pure  iron.  In  this  study,  formation  and  characterization  of 
^^16^2  nitrogen  implantation  into  iron  thin  films  is  carried  out. 

Results  and  Discussion 

Nitrogen  molecular  ions  (N^"*")  accelerated  to  140  keV  were  implanted 
into  iron  films  which  were  deposited  epitaxially  onto  mirror-polished  (100) 
plane  of  MgO  single  crystal.  Ion  beam  current  density  was  kept  below  1 
(liA/cm  )  during  the  implantation  to  keep  the  targets  from  becoming  too  hot. 
After  the  implantation,  these  films  were  annealed  in  vacuum  (2.7xlo”^  Pa) 
for  2  hr.  at  150  °C. 

As  a  result  of  X-ray  dif fractometry,  it  was  found  that  a  part  of 
a-iron  in  target  films  was  transformed  into  an  iron  nitride  with  body- 
centered  tetragonal  structure  (b.c.t.).  Further,  the  X-ray  diffraction 
line  characteristic  of  is  clearly  observed.  This  shows  that  the 

ordered  phase  of  the  b.c.t.  iron  nitride,  i.e.  Fe^^N^,  can  be  formed  even 
at  as-implanted  state.  After  the  annealing  treatment  in  vacuum,  an 
improvement  of  nitrogen  arrangement  led  to  a  slight  increase  in  the 
characteristic  line  intensity. 

The  b.c.t.  iron  nitride  precipitated  aligning  it*s  c-axis 
perpendicular  to  the  film  plane.  This  orientation  is  regarded  to  be  due  to 
a  habit  that  the  stress  arising  from  the  tetragonal  elongation  of  the 
precipitate  is  released  to  the  direction  of  thickness. 
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Preparation  and  Evaluation  of  Amorphous  Thin  Films  by  Plasma  CVD 


Ceramics  thin  films  in  the  B-C-N  system  were  prepared  by  plasma 
CVD  at  400'’C  or  below  using  BsH#,  CH4,  Nz  and  Hz  gases.  Amorphous 
films  with  BCxNy  compositions  were  easily  obtained  under  the  total  gas 
pressure  of  267Pa.  The  flow  rate  of  Hz  gas  affected  significantly  the 
deposition  rate,  microhardness(Hv)  and  structure  of  the  films 
deposited.  The  formation  of  a  hexagonal  microcrystal,  and  the  maxima 
of  the  deposition  rate  and  microhardness  were  observed  at  400  “C  and 
the  Hz  gas  flow  rate  of  90  cmVmin.  The  boron  content  in  the  films 
deposited  increased  with  increasing  total  gas  flow  rate  and  R.F.  power. 
The  resistivity  of  BC0.6iN0.70  film  at  room  temperature  was  larger 
than  that  of  BN  or  B*C  film  similarly  to  the  bulk  ceramics. 
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Introduction 

It  is  interesting  to  regulate  microvoid  by  freezing  free  volume 
existing  in  polymer  liquid  above  glass  transition  temperature  (Tg) .  We 
developed  the  regulation  of  microvoid  from  the  standpoint  of  gas 
transport  properties  for  various  glassy  polymers. 

Results  ^d_  Discussion 

The  sorption  and  permeation  of  CO2  in  and  through  various 
quenched  polycarbonate  [PC]  and  polyimide  [PI]  films  were  investigated. 
Dual-mode  sorption  and  partial  immobilization  models  were  used  to 
analyze  their  phenomena.  The  amount  of  CO2  sorption  in  PI  and  PC  films 
quenched  from  a  certain  temperature  above  Tg  increased  when  compared 
with  that  in  as  received  PI  and  slowly  cooled  PC  films.  These  changes 
in  the  amount  of  CO,,  sorption  can  be  attributed  to  a  change  in  the 
Langmuir  sorption  capacity  term,  Ch  ’ ,  owing  to  quenching  from  a 
temperature  above  Tg,  since  the  other  dual-mode  sorption  parameters, 
ko  and  b,  are  almost  independent  of  quenching.  The  two  diffusion 
coefficients.  Do  and  Dh ,  for  CO2  also  varied  remarkably  by  quenching. 
The  diffusion  coefficients  of  quenched  PI  and  PC  films  increased  when 
compared  with  those  of  as  received  PI  and  slowly  cooled  PC  films.  The 
change  in  diffusion  coefficient  of  the  Langmuir  mode,  Dh ,  was  found  to 
be  larger  than  that  of  Henry’s  law  mode.  Do-  The  permselectivity 
obtained  by  quenching  enhanced  when  compared  with  that  obtained  by 
raising  a  temperature  in  the  case  of  comparison  at  same  permeability 
coefficients. 
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1.  Introduction 

Although  fluoride  glasses  are  known  to  have  fluoride-ion  con 
duction,  the  electrical  conductivity  is  still  somewhat  low  to  put 
them  to  practical  use.  Recently,  it  was  found  that  the  introduction 
of  both  oxygen  and  fluoride  ions  in  the  glass  network  Increased  the 
electrical  conductivity.  In  order  to  prepare  such  a  kind  of 
oxyfluoride  glass  having  a  higher  electrical  conductivity,  the  rapid 
heating  and  quenching  method  is  tried  to  employ,  since  fluoride  ions 
can  remain  at  non-equilibrium  state  in  the  glass  network  without 

evaporation. 

2.  Results  and  Discussion 

Thermal  image  furnace  and  twin-roller  quenching  were  used  to 
prepare  the  glass  containing  both  oxygen  and  fluoride  ions  in  (AIPbFz 
-MnF*-SiO,,  (B)PbF,-ZnFa-SiO,  and  (C) PbFa -BiF, -SiO,  systems.  The  dc 
electrical  conductivities  of  these  glasses  were  measured  as  a 
function  of  temperature.  XPS  measurement  was  also  carried  out  to 
determine  the  chemical  state  of  each  ion  involved  in  glass.  The 
introduction  of  both  0»-  and  F'  ions  in  (A)  system  markedly  increased 
the  electrical  conductivity  and  decreased  the  activation  energy  for 
conduction.  This  mixed  anion  effect  was  explained  in  terms  of  the 
presence  of  two  types  of  the  chemical  states  for  F’  ions  such  as 
bridging  and  non-bridging  ions  in  oxyfluoride  glass.  However,  other 
systems  revealed  no  mixed  anion  effect  leading  to  the  low  electrical 

conductivity. 
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1 .  Introduction 

Objectives  of  this  series  of  studies  are  to  explore  mechanism  and 
dynamics  of  pattern  formation  of  polymer  alloys  (polymer  mixtures  and 
block  and  graft  copolymers)  at  phase  transitions.  Fundamental  studies 
along  this  line  are  hoped  to  give  impacts  for  developments  of  new  and 
industrially  useful  polymeric  materials  as  well  as  for  advances  of 
nonequilibrium  statistical  physics  in  general,  especially  in  polymers. 

2.  Results  and  Discussion 

Number  of  outputs  were  obtained,  as  summarized  in  publication 
lists,  on  dynamics  and  mechanisms  of  self-organization  of  various 
polymer  mixtures  at  phase  transitions,  as  well  as  on  the  equilibrium 
aspects  of  order-disorder  transition  in  block  copolymers.  Typical 
polymer  mixtures  studied  are  isotactlc-polypropylene  ( i-PP ) /ethylene- 
propylene  random  copolymer  (EPR)  (1,  4,  7),  polybutadiene 
(PB)/styrene-butadiene  random  copolymer  (SBR)  (1-3,  6,  7),  polystyrene 
(PS)/PB/dioctylphthalate  (DOP)  (6,  7,  11-13),  poly ( ethylene 

terephthalate)  (PET) /thermotropic  liquid-crystalline  polymer  (X-7G) 
(5,  15),  polystyrene-polybutadiene  (SB)  and  polystyrene-polylsoprene 

(SI)  block  copolymers  and  their  blends  with  PS  and/or  PB  (PI)  (8-10, 

14).  Here  the  number  in  the  parentheses  denote  the  number  in  the 
publication  list. 

The  studies  in  polymer  mixtures  involve  investigations  of  the 
ordering  processes  in  the  later  stage  spinodal  decomposition  (SD), 
especially  scaling  analyses  on  the  structure  factor  and  wavenumber  of 
the  dominant  mode  of  the  fluctuations.  The  universality  and  unique 
features  of  polymer  behaviors  were  explored  in  comparison  with  the 
behaviors  found  in  small  molecular  systems.  The  studies  in  block 
polymers  involve  experimental  and  theoretical  investigations  of  the 
order-disorder  transition  and  formation  of  the  microdomains  of  about 
100A  with  a  long  range  spatial  order  at  thermal  equilibrium. 
Thermodynamic  stability  limits  of  the  mixtures  containing  block 
copolymers  were  theoretically  analyzed,  and  the  results  elucidated 
coexistence  of  two  types  of  liquid-liquid  phase  transitions,  i.e., 
"macrophase"  and  "microphase"  transitions.  Those  informations  obtained 
here  will  be  important  as  a  key  to  control  the  patterns.,. 
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The  general  rules  of  solid  amorphization  was  already  established 
by  the  authors.  In  the  present  work,  the  following  two  items  have 
been  examined:  1 ) Correlation  between  the  general  rules  and  the  phase 
diagrams  of  various  alloys;  2)electron  irradiation  induced  foreign 
atoms  implantation  from  their  compounds. 

Various  Al-base  alloys  such  as  Al-Ti,  V,  Cr,  Mn,  Fe,  Co,  Ni,  Cu, 
Zr ,  Mo,  W,  Au  alloys  have  been  used  for  item  1).  in  their  phase 
diagrams,  Al-Zr  and  Al-Ni  alloys  are  especially  interested.  Ten 
intermetallic  compounds  are  formed  side  by  side  in  Al-Zr  alloys,  and 
eight  of  them  cause  crystalline-amorphous  transition.  Furthermore, 
there  are  no  deep  eutectic  point  near  any  of  these  eight  compounds  in 
the  phase  diagram.  in  Al-Ni  alloys,  very  fine  particles  of  Al3Ni2  are 
newly  formed  when  an  intermetallic  compound  AlgNi  is  electron- 
irradiated,  and  an  AlgNi  crystal  itself  changes  to  an  amorphous  solid 
inside  which  the  formers  are  involved.  The  facts  mentioned  above 
give  new  concepts  on  the  solid  amorphization  of  materials.  In  item 
2),  a  new  type  of  relaxation  mechanism  of  the  lattice  distortion 
induced  by  implantation  of  oversize-foreign  atoms  has  been  verified. 
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1 .  Introduction 

Nonlinear  current- voltage  characteristic  of  zinc  oxide  ceramics  is 
well-known  to  be  based  on  properties  of  grain  boundary  of  the  ceramics 
and  strongly  influenced  by  their  microstructures.  To  obtain  fundamen¬ 
tal  information  on  relations  between  microstructure  and  electrical 
properties  of  the  ceramics,  which  are  the  bases  of  microstructual 
control  of  their  electrical  properties,  effects  of  silica  addition  on 
the  electrical  properties  and  microstructure  of  ceramics  consisting  of 
ZnO,  NbaOs,  and  NnO  were  examined. 

2.  Results  and  Discussion 

Bodies  of  98.0Zn0  -l.ONbaOs  -O.SMnO  -O.SSiOa  and  98.5ZnO  -l.ONbgOs 
-  0  •  5MnO  (molj!)  were  prepared  from  the  purest  grade  chemicals,  and 
formed  small  specimens  by  isostatic  compression  of  lOOOKgf/cm^.  The 
compacts  were  fired  at  1305*C:  for  0  to  2h.  Electrical  properties  and 
microstructure  of  the  fired  specimens  were  examined. 

Plots  of  the  electrical  current  against  applied  voltage  of  the  all 
specimens  showed  apparent  nonlinear  relation.  Addition  of  the  silica 
lowered  temperature  of  eutecticmelt  formation,  promoted  penetration  of 
the  melt  among  zinc  oxide  grain  boundaries, and  also  suppressed  growth 
of  the  zinc  oxide  grains,  and  consequently  increased  homogeneity  of 
microstructure  of  the  fired  bodies.  As  a  results  of  these  effects,  the 
addition  of  silica  make  increase  the  nonlinear  V-I  behaviour  and 
regularity  of  these  properties  of  the  fired  ceramics. 
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Characterization  of  the  polymers  obtained  by  the 
photopolymerization  of  unsaturated  compounds 

Masaki  Hasegawa 
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Faculty  of  Engineering 
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7-3-1,  Hongo,  Bunkyo-ku,  Tokyo,  Japan 

1 .  Introduction 

It  is  well  known  that  on  photoirradiation  several  conjugated 
diolefin  crystals  afford  highly  crystalline  linear  polymers.  The 
polymerization  behavior  and  the  structure  of  resulting  polymers 
are  strictly  controlled  by  the  crystaT  strucutres  of  starting 
diolefinic  monomers.  The  polymers  having  new  functional 
behaviors  can  be  designed,  based  on  the  crystal  engineering  of 
these  monomers,  followed  by  the  topochemical  photopolymerization. 

2.  Results  and  Discussion 

Several  new  linear  high  polymers  were  successfully  prepared 
by  means  of  the  photopolymerization  of  unsymmetric  diolefin 
crystals.  In  addition  to  the  expected  photo-depolymerization 
behavior  of  these  polymers  in  solution,  all  the  polymers  having  a 
pyrazine  moiety  in  their  repeating  structure,  on  the  irradiation 
in  the  presence  of  oxygen,  gave  a  considerable  amount  of  nitrile 
derivatives ,  such  as  2 , 4 -di phenyl eye lobutane-1 , 3-dicarbonitri le . 

Alkyl  o(-cyano-4-[ 2- { 2-pyridyl )etheny 1 ]cinnamate  crystals 
gave  the  polymers  having  an  alternating  zigzag  and  linear  main 
chain  structures  with  the  alternating  opposite  chiralities.  This 
result  is  the  first  example  of  the  topochemical 
photopolymerization  affording  the  polymer  configuration  not  of 
that  predicted  from  the  molecular  arrangement  in  the  starting 
crystal,  and  that  the  induction  of  a  non-random,  alternating 
arrangement  of  both  enantiomers  was  confirmed  to  occur  during  the 
reaction  of  the  prochiral  molecules  in  the  achiral  crystal. 
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1.  Introduction 

Our  attention  has  so  far  been  directed  toward  electrical  conducting 
properties  of  charge-transfer  (CT)  complex  and  radical  cation  salts 
based  on  electron-donating  [3]  -,  [  4  ]-,  and  [5  ]  -radialenes  substituted 
with  1,3-dithiole  and  thioxanthene  groups.  For  this  second  year  in 
addition  to  this  research  another  research  on  the  preparation  of 
molecular  organic  ferromagnets  by  using  electron-donating  odd-numbered 
C  n  ]  radialenes  was  started. 

2.  Results  and  Discussion 

The  electron-donating  odd-numbered  [  n  ]  radialenes  have  a  pair  of 
degenerate  IIOMOs  of  comparatively  high  energy,  assuming  that  the 
molecular  symmetry  is  or  higher.  In  consequence  of  several  attempts 
such  two  radialenes,  tris  (thioxanthen-9-ylidene)  cyclopropane  (_1)  and 
pentakis(l,3-benzodithiol-2-ylidene) cyclopentane  (2),  were  so  far  syn¬ 
thesized.  Unfortunately,  _1  did  not  form  a  CT  complex  with  any  of  the 
usual  acceptors.  On  the  other  hand,  2  formed  CT  complexes  with  compara¬ 
tively  strong  acceptors  such  as  DDQ.  in  contrast  to  the  1:1  ionic  CT 
pair  expected  theoretically  for  the  CT  ferromagnets,  the  1:2  CT  complex 
of  2  with  DDQ  was  obtained,  and  the  magnetic  properties  were  investigated. 
The  temperature  change  of  the  paramagnetic  susceptibility  of  the  2- (DDQ) 
solid  followed  a  Curie-Weiss  law,  and  the  Weiss  constant  was  ca.  -2K  ^ 

In  the  EPR  spectrum  at  298K  the  half-field  resonance  signal  also  appeared 
The  temperature  change  of  the  signal  intensity  in  the  range  of  298  to 
4.5K,  followed  a  Curie  law,  indicating  involvement  of  a  ground-state 
triplet  in  the  solid.  Both  these  results  lead  to  the  conclusion  that  2^+ 
IS  a  ground-state  triplet  which  undergoes  a  weak  antiferromagnetic 
interaction  with  DDQ''  radical  ions  in  the  CT  solid. 
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L  Introduction 

The  present  research  is  to  develop  a  novel  method  for  molecular 
design  of  polymer  materials  of  elaborate  functions  based  on  the  living 
and  immortal  pol)nnerizations  with  metalloporphyrins  as  initiators. 

2.  Results  &  Discussion 

An  alkylaluminum  porph3nrin  ((TPP)AIR)  such  as  methylalu- 
minum  porphyrin  ((TPP)AlMe)  has  been  foxind  to  bring  about  the  living 
polymerization  of  alkyl  methacrylates  under  visible  light  irradiation. 

On  the  contrary,  aluminum  porphyrin  carrying  alkylthio  group 
((TPP)AISR)  can  initiate  the  living  pol3mnierization  of  alkyl  methacrylates 
even  in  the  dark. 

(TPP)AIR  (hu) 

(TPP)AISR  (h\),  dark) 

C=C  - 

\O2R2 

Polymerization  of  alkyl  acrylates  also  proceeds  with  living  nature  by 
using  (TPP)AISR  as  initiator.  Furthermore,  the  sequential  polymeriza¬ 
tions  of  alkyl  methacrylates  and  alkyl  acrylates  by  aluminum  porphyrin 
give  the  corresponding  block  copoljoners  of  controlled  molecular  weight 
with  narrow  molecular  weight  distribution. 

The  addition  polymerization  of  alkyl  -methacrylates  or  -acrylates  by 
aluminum  porph3rrin,  followed  by  the  ring-opening  polymerization  of 
heterocyclic  monomers  such  as  epoxides  or  lactones,  gives  novel 
pol)rvinyl  -  polyether  or  -  polyester  block  copolymers  of  uniform,  con¬ 
trolled  block  lengths. 

2.  Publications 

1)  T.  Aida  Y,  Maekawa,  S.  Asano  and  S,  Inoue,  Macromolecules.  21, 
1195(1988). 

2)  M.  Kuroki,  T.  Aida  and  S.  Inoue,  Polvmer  Prepr.  Jpn..  37,  E  27  (1988). 

3)  Y.  Hosokawa,  M.  Kuroki,  T.  Aida  and  S.  Inoue,  Polvmer  Prepr.  Jpn.. 
37,E28andE29(1988). 

4)  M.  Kuroki,  S.  Nashimoto,  T.  Aida  and  S.  Inoue,  Macromolecules.  21, 
3114  (1988). 
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1.  Introduction 

Sovel  copoly^rs  having  phosphor, 

syn  esize  accordipg  to  the  concept  of  oxidation-reduction  copolypHrization. 


2.  Results  and  Discussion 

Oxitoion  Reduction  Copolymerization  Using  Phosphorus  (III)  Compounds 

•  f  K  'u  copolymers  have  been  prepared  by  the  reaction  of 

v^y  p  osp  onic  ac^  mono-ester  as  new  Mox  moncmers  with  three  Mred  monomers  of  five 
SIX,  ^d  seven-membered  cyclic  phosphonites .  The  apparent  copolymerization  parameters 

relLivi^rlr^''''^’''^'^'^  Mayo-I^s  integral  method.  The  difference  of  the 

ty  of  three  cyclic  phosphonites  was  also  investigated. 


teidation-Reduction  Copolymerizations  Using  Starmvlene 

various  p-bancoq„l„one  darlvativas  (Mox)  have  been  copoly«riced  with  bis 
[brs  tru«thylsilyi)a.ido)ti„  (II)  (Used)  to  give  the  corresponding  1:1  alternating 
copolymers  having  p-hydroquinone  unit  and  tin  (IV)  unit.  '  ^ 

^dation-Reduction  Copolymerizations  Using  Gennvlene 

anH^  °^i'^tion-reduction  copolymerizations  between  p-benzoquinone  derivatives  (Mox) 
is[bis(triinethylsilyl)amido]germanium  (II)  (Mred)  took  place  under  mild  reaction 
nditions  to  afford  1:1  alternating  copolymers  of  high  molecular  weight  The 

™  copoli^ers  are  soluble  in  hexane,  diethyl  et^r,  and  chloroform,  can^' 

purified  by  reprecipitation  from  acetone.  '  .  ^  oe 

Further  investigations  for  the  synthesis  of  new  copolymers  from  silylene 
derivatives  (Mred)  ».d  p-benzoqulno™  derivatives  (Mox)  a„  „o»  in  progress. 
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1.  Introduction 

Intermetallic  compounds  are  regarded  as  being  single  phase  materials  of  unique  practical 
applicability.  Recently,  attempts  to  use  as  high  temperature  structural  materials,  electronic 
devices,  magnetic  materials  and  so  forth  have  been  made  for  the  intermetallic  compounds. 
However,  the  brittleness  and  no  workability  has  prevented  it  from  being  used  as  engineering 
materials.  The  present  study  aims  to  develop  the  ductile  intermetallic  compounds  with  useful 
functional  properties.  Furthermore,  the  correlation  between  functionality,  atomic  (and  electronic) 
structure  and  properties  in  these  compounds  was  analyzed. 

2.  Results  and  Discussion 

(1)  Based  on  the  ductilization  model  for  the  Lb  ordered  alloys  proposed  by  the  present  authors, 
ductile  NbCSi.Ti)  compounds  were  newly  found.  Obtained  mechanical  properties  were  excellent. 
Also,  using  the  single  crystals  of  this  alloy,  test  temperature,  orientation,  strain  rate  and  com¬ 
positional  dependences  on  the  flow  stress,  and  the  operative  slip  system  were  investigated. 

(2)  Plastic  flow  properties  of  the  B2-type  CoTi  compounds  were  investigated  in  terms  of  test 
temperature,  strain  rate,  orientation  and  composition.  Positive  temperature  dependence  of  the 
strength  was  observed  and  also  deformation  was  proceeded  by  the  (110)  slip. 

(3)  Simultaneous  addition  of  the  boron  and  the  substitutional  elements  of  Fe  and  W  was  done  in 
order  to  improve  the  mechanical  properties  of  CosTi  compounds.  Also,  the  creep  deformation  and 
creep  rupture  were  investigated  to  understand  the  deformation  at  elevated  temperatures. 

(4)  To  develop  new  types  of  high  temperature  structural  compound  with  low  density,  the  phase 
diagram,  crystals  structure  and  mechanical  properties  of  the  pseudo-binary  alloy  system  between 
ZrsAl  and  TbAl  were  investigated.  Among  these  alloy  systems.  Lb-type  (Zr,Ti)3Al  alloys  showed 
strong  positive  temperature  dependence  without  the  loss  of  the  ductility. 

(5)  Environmental  effect  attributed  to  hydrogen  atoms  was  investigated  in  polycrystals  and 
single  crystals  of  CoaTi  alloys  and  their  ternary  alloys.  Atomistic  observation  by  transmission 
electron  microscope  was  done  for  the  samples  deformed  in  H2  gas,  air  and  vacuum,  respectively, 
and  the  mechanism  associated  with  this  phenomenon  was  proposed. 
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Synthesis  and  Characterization  of  Organic 
Superconductor  Donors  Containing  Germanium 
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The  University  of  Tokyo,  Komaba,  Meguro*-ku,  Tokyo  153,  Japan 

Introduc  t ion 

Donors  for  organic  superconductors  generally  contain  C=C 
bond  as  the  central  pi-electron  donor  moiety  as  a  result  of 
simple  derivation  or  modification  of  te trath  iafulvalene  (TTF) .  We 
propose  incorporation  of  Ge=Ge  bond  into  TTF  like  skeleton.  In 
the  first  year  of  the  project,  research  was  devoted  mainly  to  the 
design  and  synthesis  of  the  chalcogen  units  to  be  incorporated 
into  the  TTF-like  skeleton.  Since  Ge=Ge  are  not  usually  very 
stable,  we  first  synthesized  and  characterized  2,2  - 

d ise lenocyanato-1,  1  -binaphthyl  (1)  (Compound  numbers  refer  to 
those  described  in  the  preceding  abstract)  by  X-ray  structure 
ana  lysis. 

Results  and  Discussion 

In  the  present  fiscal  year,  synthesis  of  a  few  other 
chalcogen  units  such  as  2  and  4  and  application  of  these 

chalcogen  units  (including  1)  were  performed  to  prepare  the 
target  compounds  together  with  a  brief  study  of  electronic 
properties  of  1.  The  most  promising  results  were  obtained  when  2 
was  allowed  to  react  with  d i iodoge rmy lene :  a  yellow  crystalline 
material  was  obtained.  The  structure  of  this  compound  was 
suspected  to  be  4  based  on  the  spectral  data(NMR,  MS)  and 
elemental  analysis.  Although  the  structure  of  4  is  not  a  desired 
one,  the  compound  may  present  an  interesting  class  of  conducting 
material.  The  two  pairs  of  sulfur  atoms  in  two  dithiane  units 
are  perpendicular  with  each  other  thereby  allowing  multi¬ 
dimensional  column  structure  in  the  crystal  lattice. 
Crystallization  and  X-ray  analysis  of  this  compound  and  synthesis 
of  analogues  of  4  are  the  tasks  in  the  following  year. 
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1 .  Introduction 

A  new  attempt  here  investigated  to  make  microporous  membranes  from 
the  film  of  a  block  copolymer  with  well-defined  chain  structure  which 
is  prepared  by  anionic  living  polymerization.  This  method  involves 
casting  a  block  copolymer  film  with  microphase  separated  lamellar 
structure,  fixation  of  one  microdomain  by  cross-linking  between  the 
polymer  chains,  oxidative  decomposition  of  the  other  microdomain  and 
leaching  out  the  degraded  low  molecular  weight  compounds  from  the 
inside  of  micropores  formed  by  oxidation. 

2.  Results  and  Discussion 

Four  block  copolymers  of  isoprene  and  { 4-vinylphenyl )dimethyl-2- 

propoxysilane  with  different  block  lengths  were  prepared  by  anionic 

living  polymerization  technique.  The  TEM  observation  of  thin  films  of 

the  obtained  block  copolymers  reveals  that  the  domain  sizes  of  the 

lamellar  structure  correspond  to  the  block  lengths.  After  etching  the 

polyisoprene  domain  by  treating  with  ozone,  the  surface  and  cross 

section  of  the  obtained  porous  membranes  were  observed  by  SEM.  It  was 

found  that  the  shape  and  size  of  the  micropores  were  almost  the  same 

as  those  of  microdomains  of  the  original  polymers.  The  pore  size  was 

controlled  from  20  to  30  nm  by  the  polyisoprene  block  length{DP)  from 

340  to  550.  Furthermore,  the  surface  areas  of  the  membranes  were 

measured  by  BET  method.  Very  large  surface  areas,  70  -  90  m  /g,  were 

obtained,  which  suggested  that  the  micropores  were  open  and  continued 

through  the  membrane  from  one  side  to  the  other.  The  permeability  of 

6  2 

nitrogen  gas  was  also  measured,  0.2  -  12  x  10  cm  /sec-cmHg, 
corresponding  to  the  pore  size  of  the  membrane. 

From  the  IR  measurement,  elemental  analysis,  BET  measurement,  and 
SEM  observation,  the  obtained  membranes  were  characterised,  the 
microstructures  of  which  were  found  to  be  controlled  by  the  primary 
structures  of  the  block  copolymers. 
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1 .  Introduction 

Shaping  function  is  one  of  the  important  functions  required  for 
precision  molding  such  as  elastomeric  sealants,  precision  coatings, 
adhesives,  etc.  However,  common  monomers  generally  polymerize  with 
large  shrinkage  in  volume,  and  thereby  it  is  a  big  problem  in  the 
field  of  material  science.  The  authors  have  been  studied  so  far  on 
the  synthesis  of  materials  that  show  no  shrinkage  on  polymerization  or 
curing.  In  this  project,  synthesis  and  function  of  spirocyclic 
monomers  which  expand  on  polymerization,  as  the  most  promising 
candidates  for  the  above-mentioned  materials,  have  been  investigated. 

2.  Results  and  Discussion 

New  Spirocyclic  Monomers  and  Cationic  Polymerization 

Behavior  of  cationic  polymerization  and  volume  change  on  it  were 
examined  for  spiroorthocarbonates  (S0C1 )  containing  nitro  group  which 
are  easily  derived  from  the  corresponding  1,3-diols  with  nitro  group. 
About  10%  expansion  in  volume  was  observed  on  polymerization  which 
afforded  polyether-carbonate. 

Seven-membered  SOCs  were  synthesized  and  benzo  type  SOC  (S0C2) 
offered  the  first  example  of  monomer  undergoing  cationic 
polymerization  without  any  elimination  of  tetrahydrofuran  derivative 
to  yield  polyether-carbonate  which  has  been  obtained  only  with  six- 
membered  SOCs  so  far, 

Tetrathioorthocarbonate  (STOC),  sulfur  analogue  of  SOC,  was 
synthesized  and  polymerized  to  afford  ring-opening  product  consisting 
of  three  different  segment  structures,  only  when  seven-membered  STOC 
was  used.  Benzo  derivative  of  the  seven-membered  STOC  also 
polymerized  and  behaved  similarly  to  the  corresponding  SOC  to  give 
polythioether-trithiocarbonate  in  high  efficiency. 

Control  of  Volume  Change  on  Polymerization  of  Epoxides 

In  order  to  control  volume  shrinkage  on  polymerization  of 
epoxides  by  addition  of  SOC,  degree  of  volume  change  on  cationic 
polymerization  of  the  mixture  of  phenyl  glycidyl  ether  (PGE)  or 
bisphenol  A  diglycidyl  ether  (BGE)  and  SOC  was  studied  and  is  found  to 
be  proportional  to  composition  or  feed  ratio  of  SOC  to  the  epoxides. 
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1.  Introduction 

Fulgide  is  considered  to  be  the  most  promising  candidate  to  be 
applied  to  the  erasable-and-rewri table  photomemory.  Since  we  have 
succeeded  to  enlarge  the  quantum  yield  of  the  coloration  of  (E)-2-{l- 
(2, 5-dime thyl-3-furyl ) ethyl idene) “3“ isopropylidenesuccinic  anhydride 
by  modifying  its  substituent,  we  next  tried  to  solve  three  other 
important  problems:  (l)enlarge  the  quantum  yield  of  decoloration; 

(2)  lengthen  the  maximum  absorption  wave  length  of  the  colored  form; 

(3) clarify  the  effect  of  the  reaction  media. 

2.  Results  and  Discussion 

On  the  hypothesis  that  the  steric  bulkiness  of  the  alkylidene 
group  may  cause  the  decoloration  reaction  fast,  we  synthesized  furyl 
fulgides  with  7-norbornylidene  group  and  with  adamantylidene  group.  A 
fulgide  of  the  latter  with  isopropyl  group  on  the  furylalkylidene 
moiety  showed  the  properties  as  we  had  hoped:  It  recorded  0.42  and 
0.24  for  coloration  and  decoloration  quantum  yields,  respectively. 

In  order  to  lengthen  the  absorption  maximum  of  the  colored  form, 
we  synthesized  a  simple  indolylfulgide.  Unfortunately,  it  has  the 
absorption  maximum  at  only  585nm.  This  observation  indicated  that  the 
ability  of  electron  donation  of  the  indolyl  group  was  not  sufficient. 
Introduction  of  a  methoxyl  group  to  the  6  position  of  the  indole 
lengthened  the  absorption  maximum  to  622nm,  and  this  compound  has  the 
molar  absorptivity  at  780nm,  the  wave  length  of  the  diode  laser. 

We  examined  the  photoreaction  of  a  furyl  fulgide  in  various 
solvents  and  polymer  films  in  order  to  clarify  the  effect  of  the 
reaction  media.  Both  in  solvents  and  films,  the  decoloration  quantum 
yield  decreased  with  the  increase  of  the  dielectric  constant  of  the 
reaction  media.  In  polymer  films,  the  quantum  yields  of  coloration 
and  olefinic  isomerization  were  smaller  than  that  in  solvents,  whereas 
that  of  decoloration  was  larger. 
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Preparation  of  Neui  Functional  Materials  from  layered 
Compounds  by  Redou  Reaction 
NoDukazu  Kinomura  and  Nobuhiro  Kumada 
Institute  of  inorganic  Synthesis,  Vamanashi  Uniuersity 
Miyamae-cho  7,  Kofu,  400  Japan 

1.  Introduction 

By  topochemical  reactions  using  layered  compourids,  it  is  possible  to  pre¬ 
pare  new  compounds  which  can  not  be  obtained  by  usual  calcination  method. 
Then,  the  charge  density  of  layer  is  necessary  to  be  controlled  to  fit  the 
size  of  ions  and  desirable  interionic  distances  in  the  interlayer  spaces. 
Charge  densities  on  the  layer  indicated  by  areas  per  an  univalent  cation  in 
the  interlayer  spaces. are  25^2  for  Sn^HyVOPeOv- nH20  (2x+y^0.7)  and  IXK?  for 
Jn^TO6'nH20.  Their  intercalation  of  n-alkylamines  and  n-alkyldiamines  and 
ion  exchange  properties  will  be  reported  here. 

2.  Results  and  Discussion 

Small  alkaline  ions  (Li‘*’and  Na+) showed  high  degrees  of  ion  excharige  >90?^ 
for  protons  in  ITTaWOe- nH20,  while  the  degrees  for  large  alkaline  ions  were 
<30X,  Replacement  of  adjacent  layers  is  caused  to  reduce  inter ionic  repul¬ 
sion  and  accommodate  the  large  ions. 

Intercalation  of  organic  molecules  showed  clearly  the  effect  of  charge 
density  on  the  arrangement  of  alkyl  chains  in  the  interlayer  spaces.  Basal 
spacings  of  the  intercalation  compounds  from  SnxHyVOP207- nH20  depended  on 
the  number  of  carbon  atoms  linearly  and  the  odd-even  alternative  relation 
for  the  ordered  paraffin  type  structure  was  observed.  On  the  other  hand, 
the  intercalation  compounds  of  HTaW05  nH20  are  divided  into  three  groups  by 
dependence  of  their  basal  spacings  on  length  of  amines  and  diamines.  The 
dependence  denotes  that  existences  of  gauche  or  (and  )  kink  blocks  must  be 
taken  into  accounts. 
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Preparation  of  Piezoelectric  LiNb03  Film 
by  Controlled  Wet-Epitaxy  Reaction  of  Organometallic  Compounds 

Shin-ichi  Hirano 

Nagoya  University.  Department  of  Applied  Chemistry, 
Furocho,  Chikusaku,  Nagoya  464 


1.  Introduction 

LiNb03  is  one  of  the  most  attractive  materials  for  the 
application  to  electro-optic  devices  and  surface  acoustic  devices. 
Single  crystals  of  LiNb03,  which  are  grown  from  melts  of  lithium- 
defficient  harmonic  composition,  have  been  used  for  the  devices. 
The  crystal  with  homogeneous  and  well -control led  composition  has 
been  required,  since  the  physical  properties  of  LiNb03  vary 
remarkably  with  Li20  content.  A  dip-coating  method  using  metal 
alkoxide  solutions  is  a  promising  chemical  processing  of  preparing 
thin  films  of  electric  ceramic  materials.  This  work  was  carried 
out  to  study  about  the  processing  of  the  stoichiometric  LiNb03 
thin  films  with  preferred  orientation  from  metal  alkoxides 
solution. 

2.  Results  and  Discussion 

Homogeneous,  crystalline  LiNb03  films  with  the  stoichiometric 
composition  could  be  prepared  on  substrates  from  a  double  alkoxide 
solution.  Thickness  of  the  film  changed  linearly  with  the 
concentration  of  the  solution.  The  relationship  between  the 
thickness(t)  and  the  speed  of  withdrawing  substrates(U)  agreed  to 
t  The  crystal  system  and  the  orientation  of  the  substrates 

affected  the  crystallinity  of  the  films  on  them.  LiNb03  films 
crystallized  on  Si (100)  and  Si (111)  substrates  showed  the  same 
crystallinity  as  LiNb03  powders  prepared  from  the  alkoxide 
solution,  while  films  crystallized  on  sapphire  substrates  showed 
preferred  orientation  such  as  (012),  (110)  and  (001).  Refractive 
indices  of  films  crystallized  at  400°C  on  Si  substrates  were  about 
2.0.  Films  crystallized  at  the  same  temperature  on  sapphire  were 
higher  than  2.3  due  to  the  crystallinity  of  the  films.  The  index 
of  the  film  on  sapphire  (001)  was  the  highest,  since  the  films 
compressed  by  the  substrates  along  the  a  axis. 


Synthesis  of  fluorine  doped  silica  by  sol-gel  process  and  its  r:haracTerization 


Masahiro  Shinmei 
Department  of  Chemistry 
Faculty  of  Education 
Mie  University 
1513  Kamihama>cho,Tsu  514 


1.  Introduction 

In  connection  with  fabrication  of  light  guide  fiber,  a  fluorine  doped  silica  glass  has  been 
noted  as  a  cladding  material.  In  this  study  some  properties  of  F-doped  silica  gels  were 
investigated  inconnection  with  heat  trearment  of  changing  to  vitreous  state.  The  sol -gel 
process  by  using  partially  fluorinated  silicon  alcoxides  was  also  investigated. 

2.  Results  and  Discussion 

2-1.  Some  physical  properties  of  F-doped  silica  gels:The  measurements  of  density  by  means 
of  a  pycnometer  and  of  specific  surface  area  by  the  BET  method  and  the  observation  of 
micro  structure  by  a  scanning  electron  microscope  were  carried  out  to  clarify  the  feature 
of  the  gels  made  by  hydrolysis  of  SiF4 .  The  results  revealed  that  the  gels  were  in  state  of 
agglomeration  of  thin  films  having  many  “closed  pore'*  which  gave  extremely  low  density. 
The  bahavior  of  defluorination  reaction  and  sinterir^ig  of  the  gels  in  the  course  of  heat 
treatment  were  explainable  by  taking  into  account  these  features. 

2^2-  Hydrothermal  treatment  of  the  gels:  In  order  to  make  F-doped  silica  glass  the  hydro- 
thermal  treatment  of  the  gels  were  testified.  Samples  in  Au  capsules  were  heated  2h  at 
500r  or  700r  under  the  pressure  of  50,  200  and  1000  atm.  respectivelly.  All  of  sample 
treated  under  the  pressure  more  than  200  atm  showed  vitreous  structure.  In  the  case  of  50 
atm  treatment,  however,  small  quartz  or  cristobalite  crystals  with  no  fluorine  were  found 
in  a  F-containing  vitreous  matrix.  This  fact  suggests  that  the  equilibrium  release  pressure 
of  S1F4  for  the  F-doped  gels  at  50a'C  was  in  the  range  of  50-200  atm  and  the  existence  of 
fluorine  in  a  silica  glass  inhibited  the  transition  to  the  crystals  from  the  vitreous  state. 

E~doped  silica  from  silicone  alcoxides:  In  contrast  with  hydrolysis  of  SiF^  the  sol- 
gel  process  of  silicone  alcoxides  with  H:SiF,  solution  or  of  partially  fluorinated  silicone 
alcoxides  is  considered  to  be  feasible  to  control  the  deveiopement  of  silica  network  in  the 
course  of  the  reaction.  With  partially  fluorinated  silicon  tetraetoxide  F-doped  silica 
glass  fiber  having  relative  reflective  index  A  n=  -0.3  was  fabricated.  However,  more 
detailed  study  is  needed  to  understcuxl  the  reaction  mechanism  and  to  apply  to  fabrication 
of  F-doped  silica  glass. 


Molecular  Design  of  Functionalized  Photochromic  Materials 
with  High  Efficiency  by  Modification  of  Spiropyrans 
Hideo  Tomioka 

Department  of  Industrial  Chemistry,  Faculty  of  Engineering, 
Mie  University 

1515  Kamihama-chyo,  Tsu,  Mie  514 

1  .Introduction  Pyran  derivatives ,  e,g.,  spiropyrans,  undergo  ring- 

cleavage  upon  UV-irradiation  to  give  the  corresponding  dienone 
derivatives,  which  are  usually  colored  and  reproduce  the  starting 
compounds  either  upon  visible-light  irradiation  and/or  by  heating. 
The  reactions  are  potentially  attractive  for  designing  photochromic 
materials . 

2. Results  amd  Discussion  The  photochromic  properties  of  spiro 

[  indoline-2 , 2  *  -  2  *H-1  '  -benzopyrans  ](SP)  were  found  to  be  greatly 
changed  in  going  from  a  homogeneous  to  a  micellar  system.  Thus,  3- 
methyl  derivative  of  SP  showed  very  weak  color  upon  irradiation  in 
most  organic  solvents  and  the  colored  species  faded  very  rapidly  in 
the  dark.  In  a  marked  contrast,  it  showed  very  intense  color  of  the 
corresponding  merocyanine  (MC)  upon  irradiation  in 
cetyltrimethylammonium  bromide  (CTAB)-H20  micelles  and,  moreover,  the 
thermal  stability  of  MC  was  dramatically  increased.  The  water- 
soluble  SP  also  showed  an  interesting  behavior  in  a  reversed  micelle. 
Thus,  6-sulfonate  derivative  of  SP  showed  intense  yellow  color  of  MC 
in  the  dark,  but  MC  faded  upon  irradiation  to  produce  SP,  which  again 
reproduced  MC  color  in  the  dark.  The  thermal  coloration  rate  was 
greatly  reduced  in  CTAB-H2O-CHCI 3  reversed  micelle.  These  results 
are  interpreted  as  indicating  that  not  only  the  microscopic  polarity 
but  also  the  viscosity  of  the  micelle  plays  an  important  role  in 
determining  the  rate  of  the  molecular  motion  accompanying  the 
photochromism. 

Naphthopyrans  also  showed  the  photochromism.  Naphthopyrans 
having  two  pyran  rings  were  prepared  systematically  from  the 
corresponding  dihydroxynaphthalenes  and  their  photochromic  properties 
were  investigated.  Absorption  maximum  as  well  as  stability  of  the 
colored  species  were  interestingly  changed  depending  on  the 
substitution  patterns. 


Synthesis  of  Novel  Functional  Polymers 
Derived  from  2-Oxazolines . 


Takeo  SAEGUSA  and  Yoshiki  CHUJO 
Department  of  Synthetic  Chemistry,  Faculty  of  Engineering, 
Kyoto  University,  Yoshida,  Sakyo-ku,  Kyoto  606,  Japan 

Introduction 

During  the  course  of  our  studies  on  the  ring-opening  polymeriza¬ 
tion  of  2-methyl-2-oxazoline,  we  have  found  that  the  resulting  poly- 
(N-acetylethylenimine)  (PAEI)  has  high  hydrophilicity  and  well  com¬ 
patibility  with  organic  commodity  polymers.  Recently,  we  reported 
the  preparation  of  novel  non-ionic  hydrogel  based  on  PAEI  by  two 
methods;  (i)  cross-linking  reaction  of  partially  hydrolyzed  PAEI 
(PAEI-PEI  random  copolymer) and  (ii)  copolymerization  between 
2— methyl— 2-oxazoline  and  bis— oxazoline • 


Results  and  Discussion 

(1)  Synthesis  of  Polyoxazoline  Hydrogel  by  Photo-Dimerization 

Partially  hydrolyzed  PAEI  was  treated  with  acid  chloride  of  (7- 
coumaryloxy) acetic  acid  in  the  presence  of  triethylamine .  This 
coumaryl-PAEI  was  cast  upon  a  slide  glass  and  irradiated  for  3  h 
(450W  High-Pressure  Hg  Lump)  to  form  a  gel,  which  showed  a  quite  high 
swelling  property  in  water  as  a  hydrogel.  From  the  results  of  uv 
spectroscopy,  the  gelation  was  caused  by  photo-dimerization  of  couma- 
rin  moieties  in  PAEI.  The  swelling  degree  of  the  obtained  gel  can 
be  controlled  by  the  coumarin  content  or  by  the  irradiation  time. 

12)  Synthesis  of  Polyoxazoline  Hydrogel  by  Diels-Alder  Reaction 

Furan  or  maleimide  group  was  introduced  to  PAEI  as  a  diene  and  a 
dienophile  moiety,  respectively.  Intermolecular  Diels-Alder  reac¬ 
tion  between  these  two  groups  caused  the  gelation  at  r.t.  The 
obtained  gel  absorbed  water  to  form  a  non-ionic  hydrogel. 

-Oi — Polyoxazoline  Hydrogel  Having  S-S  Bonds 

The  gel  having  S-S  bonds  at  the  cross-linking  points  was  pre¬ 
pared.  The  S-S  bonds  were  cleaved  reductively  to  form  -SH  groups. 
This  means  that  the  gel  was  transformed  to  the  soluble  polymer  after 
the  reductive  treatment.  This  reversible  conversion  by  redox  system 
has  a  potential  to  new  functional  materials. 
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Design  and  Synthesis  of  Substituted  Polyacetylenes 
as  New  Functionality  Materials 
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1.  Introduction 

Since  substituted  polyacetylenes  [ “4CR=CR ’ ]  possess  unique  structure  and 
properties,  they  are  expected  to  exert  new  functions  and  high  performances.  Hence, 
their  design,  synthesis  and  appliciation  are  urgent  problems.  In  1988  we  studied 
the  following  subjects:  i)  Synthesis  of  substituted  polyacetylenes  with  controlled 
MWD;  ii)  Pervaporation  of  liquid  mixtures  through  substituted  polyacetylenes, 

2.  Results  and  Discussion 

i)  Synthesis  of  Substituted  Polyacetylenes  with  Controlled  MWD, 

Using  l-(trimethylsilyl)“l-propyne  (TMSP)  as  monomer,  the  synthesis  of  a 
polymer  having  narrow  molecular  weight  distribution  (MWD)  was  investigated.  The 
polymerization  by  NbCl5  in  cyclohexane  solution  proved  to  produce  a  polymer  with 
narrow  MWD.  In  this  polymerization,  the  number-average  molecular  weight  (M^)  of  the 
polymer  increased  in  direct  proportion  to  conversion,  while  the  MWD  remained  narrow 
(Mw/Mn  M.2)  irrespective  of  conversion.  Poly(TMSP)s  having  narrow  MWD  and  Mn  in 
the  range  1x10^  -  20x10^  could  be  obtained  by  changing  the  monomer-to-catalyst 

ratio.  Thus,  the  present  polymerization  involves  a  long-lived  propagating  species, 
and  provides  a  useful  method  for  synthesizing  poly (TMSP)  with  a  narrow  MWD. 

2) 

ii)  Pervaporation  of  Liquid  Mixtures  through  Substituted  Polyacetylenes. 

Pervaporation  was  examined  as  an  application  of  substituted  polyacetylenes  to 
membrane  separation.  In  the  Et0H/H20  pervaporation  through  poly (TMSP)  membrane,  the 
separation  factor,  a(Et0H/H20)  reached  17  at  10%  ethanol  in  the  feed.  This  is 
similar  to  that  for  poly(dimethylsiloxane) ,  a  well-known  ethanol-permselective 
membrane.  In  general,  aliphatic  polyacetylenes  showed  ethanol  permselectivity, 
while  aromatic  polyacetylenes  were  rather  water-permselective.  In  the  pervaporation 
of  MeCN/H20  and  acetone/H20  mixtures  through  poly (TMSP),  the  a(org.  liq./H20)  values 
were  as  high  as  ca.  100, 
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1 .  Introduction 

In  order  to  examine  the  possibility  of  the  hot-forming  of 
ceramics  by  utilizing  their  plastic  property  and  to  elucidate  the 
mechanism  of  the  process,  a  hot-extrusion  processing  was  applied  to 
polycrystalline  Ba-ferrite  (Ba06Fe203).  The  effects  of  the  stem 
speed  and  area  contraction  ratio  on  the  microstructure  and  mechanical 
properties  of  extruded  Ba-ferrite  were  studied. 

1.  Results  and  Discussion 

Sintered  Ba-ferrite  samples  were  capsulated  into  stainless  steel 
(SUS  304)  to  prevent  the  fracture  of  the  ceramic,  and  heated  from 
1100* C  to  1390* C.  The  heated  capsule  was  immediately  transferred  into 
the  container  and  then  extruded  at  a  stem  speed  of  3.5mm/sec  to 
17.5mm/sec  with  varying  area  contraction  ratios  from  48X  to  84X.  The 
extruded  Ba-ferrite  ceramic  was  found  to  exhibit  finer  and  denser 
microstructure  than  the  non-extruded .  These  effects  were  accelerated 
with  larger  deformations  and  lower  stem  speeds.  The  Vickers  hardness 
(Hv)  and  fracture  toughness  ( Kc )  of  the  extruded  Ba-ferrite  were 
remarkably  increased  and  their  values  were  comparable  to  those 
observed  for  hot-pressed  body.  As  for  Kc ,  anisotropy  was  observed:  Kc 
perpendicular  to  the  extruding  direction  was  higher  than  that  of  the 
parallel  direction.  In  the  case  of  extrusion  of  the  billet  at  large 
contraction  ratios,  smooth  extrusion  of  the  ceramic  could  not  be 
realized  due  to  the  difference  in  deformation  resistance  between  the 
capusule  and  Ba-ferrite. 
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1 .  Introduction 

As  ionic  thermoplastic  elastomers  have  high  polar  groups  and 
reactive  species,  they  are  interested  in  functional  polymeric 
precursors  for  obtaining  conducting,  non-thrombogenic ,  hydrophilic  and 
other  functional  elastomeric  materials.  Although  pol y bu t ad i ene  ionene 
seems  to  be  particularly  interesting,  as  they  may  be  useful  as  a  novel 
elastomer  carring  cationic  charges,  the  poor  mechanical  properties 
(i.e.,  1.73  MPa  in  tensile  strength  at  break  (Tg)),  which  have  been 
reported  on  po 1 y but ad iene  ionene  (1970),  seems  to  arrest  the 
development  of  elastomeric  ionenes. 

Thus,  we  have  reported  that  the  p ol y bu t ad iene  ionene  (PBI) 
prepared  by  the  reaction  of  isocyanate- terminated  liquid  pol ybutad iene 
(IT-PB),  2-dimethylaminoethanol  (DMAE)  and  1 , 4-dibr omobutane  attains 
19.2  MPa  in  Tg  (1981).  To  obtain  more  high  performance  polycationic 
elastomers,  we  tried  to  synthesize  two  sorts  of  novel  ionic  polymers 
and  clarified  their  mechanical  properties. 

2.  Results  and  Discussion 

(a)  Polyester-blocked  poly butadiene  urethane  ionene  (PCLI)  : 
Dimethylamino-terminated  polyester  (AT-PCL)  and  poly bu tad i ene  (AT-PB) 
were  obtained  by  the  reactions  of  isocyanate-terminated  polyester  (IT- 
PCL)  and  polybutadiene  (IT-PB)  with  DMAE  respectively.  The  mixtures  of 
AT-PCL  and  AT-PB  were  allowed  to  react  with  a,  a ’ -dichlo r o-p-xy  1  ene 
(DCX)  to  give  PCLIs  having  different  molar  ratios  of  AT-PB  to  AT-PCL. 
Best  tensile  strength  at  break  (Tg)  of  the  cast  film  has  attained  38,5 
MPa,  and  the  modulus  at  100  %  elongation  (Mioo)  and  the  elongation  at 
break  (Eg)  reached  35.2  MPa  and  148  %,  respectively,  at  r  =  25/75. 

(b)  Polymeric  ionene  of  poly ( butadiene-co-acrylonit rile )  (NBPI): 
Dimethylamino-terminated  oligo( but ad iene-co- acrylonitrile)  (AT-PB) 
obtained  from  the  reaction  of  DMAE  and  car boxy- te rmina ted  liquid 
nitrile  rubber,  was  allowed  to  react  with  4,  4 '-dipyridine  to  produce 
NBPI.  The  NBPI  cast  film  thus  obtained  was  found  to  attain  45  MPa  in 
Tg,  4.2  MPa  in  Mioo  and  410  %  in  Eg. 

From  these  results  various  capabilities  of  controlling  physical 
properties  will  be  one  of  the  possibilities  of  developing  high 
performance  as  well  as  high  functional  characteristics  on  elastomers. 
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Their  Physical  Properties 

Yasuhiko  SHIROTA 

Department  of  Applied  Chemistry,  Faculty  of  Engineering,  Osaka  University 

Yamadaoka,  Suita,  Osaka  565,  Japan 

1 .  Introduction 

Conducting  organic  materials  have  attracted  much  attention . 

Synthesis  of  new  materials  has  played  a  crucial  role  in  the  development 
of  this  field.  We  have  studied  syntheses  of  both  low-molecular 
conducting  organic  materials  and  conducting  polymers,  and  the  correlation 
between  their  structures  and  electrical  properties . 


2.  Results  and  Discussion 


Several  new  TTF  derivatives  possessing  eight  or  twelve  chalcogen 
atoms  (VT,  DMVT,  TMVT,  TMSVT,  EVT)  were  synthesized.  Crystal  structures 
of  TMTVT  and  EVT  were  also  studied.  Most  of  the  complexes  formed  by 
electrocrystallization  of  these  materials  showed  metallic  behavior  in 
electrical  conduction.  Among  them,  VT^PF^  was  found  to  retain  the 
metallic  behavior  down  to  0.5  K  under  a  pressure  of  1 4  kbar. 
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VT:  X=Y=H  TMTVT:  X=S  EVT:X=Y=H 

DMVT:  X  =  H.Y=Me  TMSVT:  X  =5e  EMVT:  X=H,Y=Me 

TMVT  :  X  =  Y=Me 


Insulating  polymers  containing  the  carbazolyl  moiety  were 

transformed  into  semiconducting  polymers  with  room- temperature 
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conductivities  from  10  to  1 0  S  cm  by  electrochemical  doping.  They 
are  radical-cation  salts  and  their  structures  are  partially  cross-linked 
at  the  3-position  of  the  carbazole  ring.  The  correlation  between  the 
structures  of  the  starting  polymers  and  electrical  conductivities  of 
doped  polymers  were  studied.  An  electrically  conducting  polymer 
containing  a  pendant  coronene  moiety  was  also  prepared  by  the 
electrolytic  polymerization  of  vinylcoronene . 


PVCz  PCEVE  PGCz 


PVCo 
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Molecular  Design ,  Synthesis  and  Characterization  of 
Organometal lie  Liquid  Crystals 
Shigetoshi  Takahashi 

The  Institute  of  Scientific  and  Industrial  Research, 

Osaka  University,  8-1  Mihogaoka,  Ibaraki,  Osaka  567 

1 .  Introduction 

One  of  the  current  interests  in  material  science  lies  in  the 
research  of  liquid  crystals  which  comprise  a  number  of  intermediary 
states  of  matter  that  occur  between  the  isotropic  liquid  and  the 
organized  solid  state.  The  majority  of  liquid  crystalline  materials 
consist  of  C,  0,  N,  and  H  atoms.  Though  a  few  examples  containing 
metal  atoms  are  known,  they  are  of  special  interest  in  terms  of  the 
unique  properties  based  on  metal  atoms.  Previously  we  reported 
transition  metal-poly ( yne )  polymers  as  the  first  examples  of  lyotropic 
liquid  crystalline  materials  containing  organotransi tion  metal  species, 
and  also  reported  new  thermotropic  liquid  crystalline  materials  incorpo¬ 
rating  boron  atoms(II). 

2.  Results  and  Discussion 

2-1  Organometal lie  Polymers:  Lyotropic  Liquid  Crystalline  Materials 

Now  we  have  synthesized  a  variety  of  cationic  polymers ( III ) , 
f Pd'^(PR3)2-NC5H4-Z-C5H4N-Pd‘^(PR3)2-Y^^- 2nPFg“,  where  Y=  -CEC-, 

-CEC-CEC-,  -CEC-CgH^-CEC-  etc.;  Z-  -CH2CH2-f  -CH=CH-,  -C=C-.  They  may 
be  prepared  by  the  reaction  of  bimetallic  acetylides  with  bidentate 
nitrogen  donor  ligands.  They  were  characterized  by  spectral  methods 
such  as  IR  and  ^^P-NMR  spectroscopies.  The  cationic  poly-nuclear 
complexes  are  soluble  in  common  organic  solvents  such  as  tetrahydrof uran 
and  chloroform  in  spite  of  containing  transition  metals.  Some  of  them 
form  nematic  liquid  crystals  in  concentrated  dichloromethane  solutions 
which  exhibit  responce  toword  a  magnetic  field.  They  provide  the  first 
lyotropic  liquid  crystalline  materials  containing  ionic  organo- 
transisition  metal  species. 

2-2  1 ,3-Dioxabor inane  Derivatives:  Thermotropic  Liquid  Crystalline 
Materials 

We  previously  showed  the  dioxaborinane  derivatives,  RCgH4-B02C3H5- 

C^H^R*  (II)..  form  thermotropic  liquid  crystals.  Now  we  have  prepared 

a  new  series  of  the  type,  R-0-CgH4-B02C3H3-R'  (IV),  having  a  chiral 

alkyl  group  R ,  where  R=  ^2^5  ^  ^^2  ^n  “  ^n^2n  +  1  '  found 

that  some  of  them  form  a  chiral  smectic  C  phase.  It  shoud  be  noted 

that  the  two-ring  system  (IV)  among  dioxaborinane  derivatives  shows 

★ 

enantiotropic  phase  transition  to  . 
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Synthesis  of  New  Organosilicon  Polymers  and 
Their  Functionalities 

Mitsuo  Ishikawa  and  Joji  Ohshita 
Department  of  Applied  Chemistry,  Faculty  of  Engineering, 
Hiroshima  University,  Saijo-cho,  Higashi-Hiroshima  724 

Introduction 

As  a  part  of  an  investigation  concerning  the  design  of  new  organo- 
silicon  materials  we  have  synthesized  silicon  polymers  in  which  the 
alternate  arrangement  of  a  disilanylene  unit  and  a  ir-electron  system 
such  as  an  ethylene  or  butenyne  group  is  found  regulary  in  the  polymer 
backbone.  We  also  carried  out  doping  experiments  using  the  film  of 
these  polymers  and  antimony  pentafluoride  as  a  dopant,  in  the  hope  of 
obtaining  a  new  class  of  silicon  polymers  with  high  conductivity. 

Results  and  Discussion 

trans-Poly [ (1 , 2-dimethyldiphenyldisilanylene ) ethylene]  (1)  was 
prepared  by  the  condensation  of  trans-1 , 2-bis (chloromethylphenylsilyl) - 
ethene  with  sodium  dispersion  by  irradiating  with  ultrasound  at  room 
temperature.  The  polymer  1  thus  obtained  melts  at  64-71 °C  without  de¬ 
composition,  The  molecular  weight  of  1  was  determined  to  be  Mw=40,000 
by  GPC,  [( 1 f 2-dimethyldiphenyldisilanylene) butenyne]  (2)  whose 

molecular  weight  was  determined  to  be  Mw=:17,000  was  synthesized  by  the 
reaction  of  1 , 2-diethynyl-l , 2-dimethyldiphenyldisilane  with  a  catalytic 
amount  of  RhCl(PPh2)2  ^^oom  temperature. 

Polymers  1  and  2  can  be  cast  into  films.  Characteristic  of  these 
polymers  is  strong  absorption  in  the  ultraviolet  region.  The  polymer  1 
exhibits  absorption  at  237  nm  and  2  at  294  nm.  As  expected,  these 
polymers  are  photoactive .  Irradiation  of  the  polymers  at  frequencies 
of  254  nm  leads  to  cleavage  of  silicon-silicon  bonds  in  the  polymer 
chain . 

We  have  succeeded  in  making  conducting  films  of  polymers  1  and  2 
upon  contact  with  a  strong  electron  acceptor.  Thus,  the  reaction  of 
the  new  polymers  1  and  2  in  the  form  of  film  with  antimony  pentafluoride 
as  a  dopant  produced  colored  materials  v/ith  a  conductivity  of  0.47  S/cm 
for  1,  and  0.23  S/cm  for  2  at  room  temperature. 
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Material  designs  of  organic-inorganic  composite  films 
and  their  perfomances 

Yasuhiko  YOSHIDA  and  Hideomi  KOINUMA* 

Toyo  University,  Faculty  of  Engineering,  Kawagoe,  Saitapa  350,  Japan 
♦Tokyo  Institute  of  Technology,  Nagatsuda,  Yokohapa,  Kanagava  227,  Japan 

1 .  introduction 

Kecently,  various  thin  films  formed  by  dry  processes  have  been  interested 
in  the  region  of  material  science.  Metal-containing  organic  thin  films  have 
been  intensively  studied  for  the  properties  such  as  conductivity,  catalytic 
activity  or  modification  of  electrodes. 

V.  Kesults  and  Discussion 

The  thin  film  of  metallocene,  such  as  dichlorobis(cyclopentadienyl) titanium 
^Cp^TiClj),  was  prepared  by  the  radiofrequency  ion  plating  (RFIP)  with  13.56  MHz 
discharge.  The  thin  film  formed  by  ion  plating  had  some  of  crosslinking 
structure,  but  the  crystal  structure  of  Cp^TiCla  monomer  remained  in  the  thin 
film.  Cp^TiCls  thin  films  showed  approximately  similar  IR  spectra  to  that  of 
Cp^TiCl:  monomer,  but  each  peak  was  broadened  with  the  increase  of  rf  power. 

From  the  analysis  of  XPS  spectra  of  Cp2 FiCl^  thin  film,  Ti/C  ratio  in  the  thin 
film  formed  by  ion  plating  was  similar  to  that  of  CpgTiCl?  monomer,  but  the  peak 
of  Cl  atom  decreased  with  the  increase  of  the  rf  power.  It  was  found  that  the 
electrical  resistivity  of  CpiTiCla  thin  film  formed  by  ion  plating  varied 
uniformly  according  to  the  humidity  with  the  high  sensitivity. 
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Fabrication  Process  and  Functional  Design  of 
Molecularly-Organized  Aggregates 

Tisato  Kajiyama 

Department  of  Applied  Chemistry,  Fuclty  of  Engineering, 

Kyushu  University  Hakozaki,  Higashi-ku,  Fukuoka  812 

1,  Introduction 

To  improve  functional  properties  of  ultra-thin  films,  such  as  monolayer  and  LB 
films,  it  is  important  to  investigate  the  molecular  aggregation  mechanisms  of  organic 
thin  films. 

2.  Results  and  Discussion 

(1)  The  characteristic  areal  modulus  (LogKq/  \)  -  temperature  behaviors  for 
monolayers  of  fatty  acids  in  both  the  crystalline  and  amorphous  states,  were 
investigated  in  addition  to  morphological  and  structural  studies.  The  temperature 
dependence  of  logKs(inax)  strongly  related  to  the  phase  transitions  of  monolayers 
or  thermal  molecular  motion  of  amphiphilic  molecules.  It  becomes  apparent  that  the 
melting  temperature  of  monolayer  on  the  water  surface  is  much  lower  than  that  of  bulk 
material . 

(2)  The  morphological  observation  and  electron  diffraction  study  indicate  that 
formation  of  crystalline  or  amorphous  monolayer  of  fatty  acid  is  strongly  dependent 
on  the  melting  temperature  of  monolayer  and  the  temperature  of  water  subphase. 

(3)  An  elctron  diffraction  of  crystallized  monolayer  prepared  by  cooling  an 
amorphous  monolayer  showed  the  sharper  hexagonal  spot  than  that  of  the  crystalline 
monolayer  in  which  two-dimensional  small  crystallites  were  aggregated  by  compression 
process  at  283K.  Further,  the  dark  field  image  of  the  crystallized  monolayer  was 
almost  homogenious.  These  results  indicate  that  the  crystallized  monolayer  from  an 
amorphous  state  by  cooling  has  larger  crystalline  size  and  lower  amount  of 
crystalline  defects  than  the  aggregated  crystalline  monolayer. 

(4)  The  LB  films  with  high  regularity  normal  to  the  layer  plane  could  be  actually 
obtained  under  the  following  conditions;  l)by  using  amphiphiles  of  which 
intermolecular  aggregation  force  is  larger  2)at  the  surface  pressure  at  which  an 
apparently  homogeneous  monolayer  is  observed  3)by  a  slower  compression  speed  4)by  a 
faster  transfer  speed  onto  a  substrate  and  also,  5)by  transfering  monolayer  up  to  the 
number  of  monolayer  that  roughness  of  the  substrate  surface  does  not  affect  the 
surface  state  of  the  monolayer. 

(5)  The  crystalline  disorder,  g  along  parallel  to  the  layer  plane  (lateral 
direction)  in  the  LB  films  were  evaluated  on  the  basis  of  a  single  line  technique  of 
X-ray  measurement.  The  magnitude  of  g  increased  with  increasing  the  surface 
pressure.  This  may  be  due  to  local  collapse  of  the  monolayer  on  the  water  surface 
owing  to  an  excessive  compression. 


Synthesis  and  Design  of  Rigid  Vinyl  Polymers 
with  Molecular  Orientation 

Takayuki  Otsu 

Department  of  Applied  Chemistry,  Faculty  of  Engineering 
Osaka  City  University,  Sugimoto,  Sumiyoshi-ku 

Osaka  558 

To  synthesize  and  characterize  new  rigid  vinyl  polymers, 
the  radical  polymerizations  of  dialkyl  fumarates  (1),  dialkyl 
maleates  (2),  N-substituted  maleimides  (3),  vinylene  carbonate 
(4)  and  dialkyl  itaconates  (5)  were  investigated.  These 
monomers  were  found  to  homopolymerize  in  the  presence  of  a 
radical  initiator  to  give  polymers  consisting  of  a  rigid 
structure.  The  highest  polymerization  reactivities  were 
observed  for  maleimides,  and  the  resulting  polymers  showed  the 
highest  thermal  stability  (  >350®C) .  It  was  also  found  that 
dialkyl  itaconates  underwent  radical  homopolymerization  ^ 
easily,  and  the  polymers  with  molecular  weight  of  2-10  x  10  , 
were  obtained  although  their  rigidities  were  somewhat  lower 
than  those  of  the  respective  fumarates. 
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Design  of  Functionality  of  Membranes  with  Supramolecular 
Structures 

Manabu  Seno 

Institute  of  Industrial  Science,  The  University  of  Tokyo 
Roppongi  1-22,  Minato-ku,  Tokyo  106 


For  the  objective  of  construction  of  a  reaction-transport  coupling 
system,  some  fundamental  researches  were  carried  out  on  the  albumin- 
facilitated  transport  of  long-chain  fatty  acids  across  an  aqueous 
membrane.  In  order  to  simulate  albumin  systems  with  some  artificial 
membrane  system,  the  transport  of  fatty  acids  with  amphiphilic  substance 
has  been  experimentally  studied  and  the  transport  functionality  of 
molecular  associates  with  supramolecular  structure  as  a  carrier  is 
elucidated. 

The  transport  behavior  of  some  fatty  acids  across  an  aqueous  membrane 
containing  hexadecyltrimethylammonium  bromide  (HTAB)  is  summarized  in 
Table  1.  The  transport  rate  decreases  with  an  increase  in  carbon 
number  of  fatty  acid. 


Table  1.  Transport  rate  of  fatty  acids 


Fatty  acid 


,  -2,  ,,,11 

Rate (mol  s  cm  )xI0 


Cone. in  aq. phase (mmol  1  ) 


Capric  acid 

3.1 

— 

Laurie  acid 

1.3 

0.54 

Myristic  acid 

0.4 

0.39 

Palmitic  acid 

0.2 

0.04 

Stearic  acid 

0.0 

0.01 

27 ®C,  HTAB  10  mmol 


The  transport  rate  increases  abruptly  at  the  concentration  of  HTAB 
of  cmc,  and  this  result  demonstrates  clearly  that  fatty  acids  transport 
in  solubilized  states  in  micelles  of  HTAB.  The  transport  rate  grows 
up  in  the  cmc  region  and  reaches  a  saturated  value  with  a  further  in¬ 
crease,  although  the  concentration  of  fatty  acids  in  the  aqueous  phase 
increases  monotonously  above  cmc.  The  transport  system  is  analysed 
kinetically  and  the  rate  constants  of  up-take  from  heptane  phase  to 
aqueous  phase  and  of  release  from  aqueous  phase  to  heptane  phase  were 
estimated.  With  an  increase  of  concentration  of  HTAB,  the  up-take 
rate  decreases  and  the  release  rate  increase,  and  the  rate-determthtrrg 
step  changes  from  the  up-take  step  to  the  release  step.  This  trans¬ 
port  mechanism  provides  a  reasonable  basis  for  interpretation  of  the 


present  experimental  results. 
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Layer  Formation  and  Functionality  Control  in  Carbon  Materials 
in  relation  to  Molecular  Orientation  in  Polymer  Precursors 

Micnio  INAGAKI 

Materials  Science,  Toyobashi  University  of  Technology 
Tempaku-cno,  Toyohasni,  440  Japan 


1 .  Introduction 

Functionality  of  carbon  materials,  which  are  widely  used  in 
various  industries,  strongly  depends  upon  the  preferred  orientation 
of  anisotropic  hexagonal  carbon  layers.  The  purposes  of  tne  present 
series  of  work  are;  1)  to  relate  the  orientation  of  carbon  layers  in 
carbons  to  tne  molecular  orinetation  of  polymer  precursors,  and  2)  to 
extend  the  functionality  of  graphite  by  intercalation. 

In  this  year,  behaviours  of  carbonization  and  graphitization  of 
a  polyiaiide  "Upilex"  are  studied  and  compared  with  those  of  "Kapton". 


2,  Results  and  Discussion 

Two  step  carbonization  was  found  on  tne  polyimide  film  Upilex, 
as  observed  on  another  polyimide  Kapton;  large  weightless  up  to  about 
22  %  and  linear  shrinkage  to  20  %  at  a  narrow  temperature  range  from 
500  to  650*C,  and  small  additional  weightless  and  shrinkage  in  a  wide 
range  of  700  -  1000*C.  Yield  of  carbonization  agreed  roughly  with 
tne  one  calculated  by  assuming  release  of  impurity  atoms  as  simple 
sp6ci03  of  COf  O2  snd 

Remarkable  difference  in  graphitization  was  found,  between  two 
Upilex  films  with  25  and  50  )im  thickness.  The  former  showed  layered 
structure  under  SFM,  high  magnetoresistance  value  as  74  %,  and  sharp 
002  peak  at  d-spacing  of  0.336  nm  after  heat  treatment  at  3000*C. 
However,  tne  latter  snowed  only  low  magnetoresistance  as  4  %  and  very 
broad  002  peak. 

The  degree  of  graphitization  of  carbon  film  from  Upilex  was  much 
lower  than  that  from  Kapton  which  gave  high  magnetoresistance  as  500 
%  and  sharp  002  peak  at  exactly  the  same  d-spacing  of  0.3354  nm  as 
graphite.  These  experimental  results  suggest  the  following  condi 
tious  for  getting  carbon  films  with  high  graphitizability;  D  flat¬ 
ness  of  original  organic  molecules,  2)  high  degree  of  their  orienta 
tion,  3)  simple  release  of  impurity  atoms  during  carbonization. 
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Synthesis  and  Design  of  Functionality  of  Organic  Molecular  Assemblies 


Gunzi  Saito 

The  University  of  Tokyo,  Institute  for  Solid  State  Physics, 

7-22-1  Roppongi  Minato-ku  Tokyo,  Japan  106 

1.  Introduction:  Preparations,  crystal  structures  and  physical  properties  of  single- 
canponent  organic  conductors,  organic  metals  and  superconductors  of  charge- transfer 
type  including  LB  films  have  been  investigated.  A  series  of  tetrakis(alkylchalcogeno) 
tetrathiafulvalenes  TYCn-TTF{Y=sulfur,  selenium,  tellurium)  was  synthesized  and  their 
crystal  structures  and  physical  properties  such  as  the  electrical  conductivities, 
thermal  properties  were  investigated  to  elucidate  the  crucial  role  of  the  chalcogene 
atoms  in  the  molecular  stacking  and  packing  in  the  crystals  and  their  functionality, 

A  variety  of  physical  measurements  has  been  done  on  the  organic  superconductor  <- 
(BEET-TTF)2Cu(NCS)2  to  understand  the  superconductivity  of  this  compound.  Since  there 
are  not  enough  space,  sane  results  on  this  compound  will  be  described  as  follows. 

2.  Results  and  Discussion:  Distorted-hexagon-shaped  crystals  of  the  Cu(NCS)2  salt 
were  prepared  by  the  electrochemical  oxidation  of  BEDT-TTF.  Ihe  crystal  structure 
analyses  indicate  that  both  dextro-  and  levorotatory  optical  isomers  are  present  and 
the  absolute  crystal  structures  of  both  isomers  were  determined.  The  specific 
rotatory  power  is  about  230°  at  25° C  and  632. 8nm.  Tc  of  the  BEDT-TTF-hg  salt  is  10.2- 
10. 4K  by  four-probe  dc  resistivity  measurorvents .  An  inverse  isotope  effect  was 
observed  in  our  samples  so  far  measured  (more  than  seven  each  samples).  By  four -probe 
method  Tc  of  the  deuterated  samples  was  observed  at  10, 8 -11. OK.  The  inverse  isotope 
effect  was  confirmed  by  the  RF  penetration  depth  measurements.  The  estimated 
anisotropy  in  the  GL  coherence  length  from  the  critical  field  near  Tc  is  5bc(0):  ^a*(0) 

=182A:9.6A=19:1 .  The  Sh\abnikov-de  Haas  signal  with  the  period  of  0.001 5T”^  was 
observed  below  IK  and  above  8T.  The  period  corresponds  to  the  area  of  extremal  orbit 
of  18%  of  the  first  Brillouin  zone.  The  anisotropic  nature  of  the  thermoelectric 
power  of  the  crystal  in  the  2D  plane  can  be  explained  on  the  basis  of  the  complicated 
Fermi  surface.  No  EPR  signal  ascribed  to  Cu^"**  was  observed.  The  linewidth  of  the  EPR 
signal  of  BEDr-TTF***  increased  monotonically  with  decreasing  temperature  in  contrast 
to  the  predictions  of  the  Elliot  formula  for  the  spin  relaxation  in  metals.  A 
Korringa  relation  was  observed  in  NMR  measuranents  between  77K  and  10K.  Below  10K 
a  big  enhancement  of  the  relaxation  rate  was  observed  with  a  peak  at  considerably 
lower  temperature  than  Tc.  Anisotropic  superconducting  gaps  were  detected  by 
tunneling  spectroscopic  work. 
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1.  Introduction 

Photosensitive  systems  are  ubiquitous  in  nature.  In  rhodopsin 
system,  cis-trans  photoisomerization  of  retinal  followed  by  a 
conformational  change  of  opsin  is  a  trigger  for  subsequent 
biological  events.  The  purpose  of  this  study  is  to  construct  similar 
photo-switchable  systems  with  designed  polypeptide  systems.  As  an 
analogous  system  of  rhodopsin,  where  the  protein  (opsin)  is  embeded  in 
lipid  bilayer  membrane,  copolymers  of  n-octadecyl-L-aspartate  and 
(p-phenylazo)benzyl-L-aspartate  (pO  copolymers),  in  which  azobenzene 
groups  are  surrounded  by  flexible  long  alkyl  chains,  were  prepared. 

The  study  in  this  year  deals  with  conformational  versatility 
influenced  by  trifluoroacetic  acid  (TFA)  and  temperature. 

2.  Results  and  Discussion 

The  pO  copolymers  exist  in  solution  at  25  °C  as  right"handcd 
(Rll)  and  left-handed  (UH)  a -helices  depending  on  the  copolymer 
composition,  a  reversal  of  helix  sense  from  Rll  to  Lll  occurring  with 
increasing  azobenzene  content  between  47  and  68^.  The  copolymers 
are  very  sensitive  to  TFA,  and  their  conformations  are  converted  into 
random  coil  below  2%  of  TFA  content.  Among  the  copolymers,  the 
copolymer  with  M%  azobenzene  groups  is  unique  since  it  exhibits  a  TFA 
-induced  conformational  change  from  RH  a -helix  to  random  coil  via  LH 
a -helix.  The  LH  a -helices  of  the  copolymers  containing  68  and  692 
azobenzene  groups  are  changed  to  Rll  a -helices  when  irradiated  in 
solution  at  25  "C .  The  copolymer  with  472  azobenzene  groups  and  the 
copolymers  with  more  azobenzene  groups  changed  their  helix  senses  when 
temperature  is  raised  for  the  former  and  lowered  for  the  latter.  On 
this  basis,  the  copolymer  with  472  azobenzene  groups  was  made 
photosensitive  at  high  temperatures  (50-60  °C).  A  new  series  of 

copolymers  (pM  copolymers),  which  have  methyl  group  in  place  of 
octadecyl  one,  were  also  prepared  for  comparative  studies.  All 
copolymers  of  this  series  exist  in  solution  as  LH  a -helices,  and 
their  conformational  changes  occurring  upon  irradiation  were 
negligible  or  slight.  This  result  suggests  that  octadecyl  group  is 
very  effective  to  make  copolymers  photoreactive. 
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1)  Introduction 

Copolymer  of  vinyl idene  f luoride(VDF)  and  trif luoroethylene(TrFE)  exhibits 
conspicuous  ferroelectricity  even  in  a  film  as  thin  as  500A.  In  such  a  ferro¬ 
electric  films  a  strong  internal  electric  field  due  to  inhomogeneous  polariza¬ 
tion  is  expected  in  crystallites  or  interlamel  lar  regions.  Utilizing  such  an 
internal  electric  field,  the  photogeneration  efficiency  of  eilectron  or  holes 
from  photoreceptors  doped  in  ferroelectric  films  may  increase  considerably.  The 
purpose  of  this  study  is  (1)  to  construct  asymmetrical  films  to  assist 
transport  electric  carriers  in  the  films,  (2)  to  search  for  photoreceptors  to 
generate  electrons  and  holoes  with  high  efficiency,  and  (3)  to  clarify  the 
effect  of  internal  electric  field  on  photogeneration  of  electrons  or  holes  to 
transpot  across  the  films. 

2)  Results  and  Discussion 

Charge  transfer  complex  of  polyviny lcarbazole(PVK)  and  trinitrof luorenone 
(TNF)  has  been  known  as  an  organic  photoconductor.  We  have  found  that  transfer 
of  electrons  from  PVK  and  trapped  on  TNF  occurs  on  irradiation  of  light  with 
energy  higher  than  1.7  eV  at  low  temperatures  below  150K  to  give  elctron  TNF 
and  hole  pairs  with  considerable  high  quantum  yield  (0.01-0.1  depending 

on  the  ratio  TNF/PVK).  Among  other  various  charge  transfer  complexes  examined, 
we  found  a  considerabl  ly  high  quantum  efficiency  of  electron-hole  pair 
generation  in  the  complexes  PVK-chloranil,  and  PVK-tetracyanoethy lene.  However, 
the  efficiency  is  not  higher  than  that  in  PVK-TNF.  A  chlorophyl  1-a  and 
phyl  loquinone  system  embeded  in  the  X-type  LB  film  of  stearic  acid  was  also 
found  to  give  a  ESR  signal  on  light  irradiation  at  low  temperatures. 

We  have  found  interesting  phenomena  suggestive  of  the  effects  of  internal 
electric  field  to  enhance  the  photogeneration  of  electron-hole  pairs  in  the 
charge  transfer  complexes  embeded  in  the  ferroelectric  films:  the  quntum 
efficiency  measured  by  ESR  at  77K  in  the  P(VDF-TrFE)  film  doped  with  1:1 
complex  of  viny Icarbazole  (VK)  and  TNF  (2  mol%  per  monomer  unit  of  the 
ferroelectric  polymer)  are  very  small,  but  it  becomes  quite  high  after  the  film 
experienced  annealing  at  140°C.  Since  ferroelectric  lamellar  crystals  in  P(VDF- 
TrFE)  films  grows  only  when  it  is  annealed  above  its  Curie  temperature  (130°C), 
these  enhanced  quntum  yield  is  attributable  to  the  electric  fields  developed, 
possibly,  in  the  interlamel  lar  regions.  Further  studies  are  now  in  progress. 
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Physical  and  Chemical  Properties  of  Functional 
Groups  Organized  in  High-Quality  LB  Films. 

Hiroo  NAKAHARA 

Faculty  of  Science,  Saitama  University 

Shimo-okubo  255,  Urawa,  338  Japan. 

1.  INTRODUCTION 

Applying  the  monolayer  assemblying  techniques  for 
amphiphiles  with  chromophores  we  can  obtain  organic  thin 
films  with  a  well-defined  orientation  and  packing  of  the 
functional  groups.  In  this  work,  using  a  long-chain  mero- 
cyanine  (MC),  long-chain  derivatives  of  o(-L-naphthy lalanine 
and  oligothiophenes,  molecular  organizations  with  a  specific 
J-aggregate,  a  photobiological  system  and  a  conducting  mole¬ 
cular  element,  respectively,  have  been  constructed  and 
examined  by  some  spectroscopies. 

2.  RESULTS  AND  DISCUSSION 

The  dye  MC  forms  J-aggregates  in  the  mixed  monolayers 
with  various  matrix  agents  and  char ac tr i Stic  visible  absorp¬ 
tion  and  fluorescence  which  is  radiative  annihilation  from 
the  free  exciton  state  were  obserbed.  From  the  fluorescence 
decay  of  the  J-aggregate  LB  films,  two  components  of  the 
lifetimes  were  estimated  to  be  about  40  and  230  ps.  In  its 
time-resolved  fluorescence  spectra,  the  fluorescence  band 
at  610  nm  disappeared  at  about  600  ps ,  whereas  another  band 
at  570  nm  was  grown  up. 

The  monolayer  of  a  long-chain  lysine  derivative  of  tf-L- 
naphthy lalanine  exhibited  a  phase  transition  from  the  expanded 
to  condensed  states.  From  circular  dichroism  of  the  LB  films 
deposited  at  various  surface  pressures,  different  packings  of 
the  naphthalene  groups  were  observed. 

Regarding  with  oligothiophenes  mixed  with  Cd  arachidate 
in  the  LB  films,  q uinque thiophene  molecules  were  found  to  be 
well  organized  with  nearly  vertical  orientation  from  angle- 
resolved  photoemission  and  polarized  electronic  spectra. 
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Development  of  New  Charge -Transfer  Complexes 
Exhibiting  Bistable  Switching  Phenomenon 

Keiji  KOBAYASHI 

Department  of  Chemistry,  College  of  Arts  and  Sciences 
The  University  of  Tokyo,  Komaba,  Meguro-ku,  Tokyo  153 

1,  Introduction  ) 

Cha r g e- t r an s f e r  salts  exhibit  a  wide  array  of  electrical 
properties  ranging  from  insulators  to  semiconductors,  and 
moreover  to  superconductors.  TCNQ  and  its  derivatives  form  anion 
radical  salts  which  display  bistable  switching  phenomena.  Thus 
c  h  a  r  g  e  - 1  r  a  n  s  f  e  r  salt  is  a  rich  source  of  new  functional 
matrerials.  The  purpose  of  our  project  is  to  explore  new  donor 
and  acceptor  species  for  charge-transfer  complexes  which  show  new 
electrical  properties  and  functions.  In  particular,  super- 
conduc t ivi t iy  and  switching  phenomenon  have  been  pursued. 

2.  Results  and  Discussion 

[1]  Unsymmetrical  donor,  DMET  Dime thy lethylenedithio ( dithiad i- 
selenaf ul valene )  (DMET)  has  been  prepared.  This  unsymmetrical 
donor  was  found  to  give  various  kinds  of  superconducting  radical 
salts.  The  (DMET)2AuBr2  crystals  exhibited  superconducting  at 
ambient  pressure  below  1.9  K,  which  is  the  highest  transition 
temperature  among  the  superconducting  DMET  salts. 

[2]  Thiophene-fused  TCNQ  An  isomeric  series  of  thiophene-  I 

fused  TCNQ  have  been  prepared.  Among  four  isomers  which  condense 

two  thiophene  rings,  the  isomer  of  benzo [ 1 , 2-b : 4 , 5-b *] d i thiophene 
skeleton  was  the  best  acceptor  and  formed  the  charge-transfer 
complex  with  TTF .  The  crystal  of  this  complex  is  composed  of  the 
-DD-AA-DD-AA-  sequence  of  a  mixed  stack. 

[3]  Thi eno-acene  Te trathienoacene  and  pentathienoacene ,  which 
have  an  isoe lec t r o nic  structure  with  chrysene  and  picene, 
respectively,  have  been  synthesized.  The  ionization  potentials 
of  these  new  donor  species  were  very  low,  being  comparable  to 
those  of  TTF  and  TMTSF ,  and  formed  the  charge-transfer  complex 
with  TCNQ. 
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Magnetic  interaction  in  Organic  Crystals 


Minoru  Kinoshita 

The  Institute  for  Solid  State  Physics 
The  University  of  Tokyo 
Roppongi,  MinatO'ku,  Tokyo  106 


1.  Introduction 

We  have  been  studying  the  in te rmo lecu 1 ar  magnetic  interactions  in  organic 
crystals.  In  this  year,  we  have  studied  the  magnetic  interactions  of  several 
phenoxy  radicals,  which  are  expected  to  have  enhanced  spin  polarization  and 
extended  pa  i-con juga t ion. 

2.  Results  and  Discussion 

Galv  inoxy 1 (I) :  The  paramagnetic  susceptibility  follows  the  Curie^Weiss  law  with 
9 =+l9  K  in  the  range  of  85  -  300  K.  The  positive  Weiss  constant  means  that 
there  exists  a  ferromagnetic  in termolecular  interaction.  This  has  prompted  us 
to  the  study  of  the  following  compounds. 

2. 4. 6- tr i-t-bu ty Iphenoxy  radical(II):  This  compound  has  been  reported  to  have  a 
positive  Weiss  constant.  However,  our  re-examination  shows  that  the  suscepti¬ 
bility  follows  the  Curie-Weiss  law  with  0  =-3. 2  K  in  the  range  of  2-300  K.  The 
weak  an t  i  f e r romagne t ic  interaction  may  be  understood  by  the  existence  of  a 
bulky  group  at  the  4-position. 

2. 6- d i-t-bu ty l-4-pheny Iphenoxy  rad  leal  (1 1 1) :  The  crystal  of  this  compound  shows 
the  susceptibility  well  described  by  the  singlet-triplet  dimer  model  above  15 
K.  The  curve  fitting  yields  the  ant i ferroraagne t ic  coupling  constant  of  2J/k  = 
-90  K.  The  planar  phenyl  group  seems  to  have  promoted  the  pai-electron  over¬ 
lap  between  the  radicals  in  comparison  with  II. 

2. 6- di-t-butyl-4-xenylphenoxy  radicaldV):  As  far  as  the  frontier  orbitals  are 
concerned,  this  compound  has  an  electronic  structure  most  similar  to  I,  among 
the  compounds  studied  here, in  a  spin  unristricted  INDO  MO  calculation.  Thus 
we  expected  a  ferromagnetic  interaction.  However,  the  susceptibility  is  found 
to  be  of  Curie-Weiss  type  with  0  =-0. 2  K,  indicating  no  apparent  magnetic 
interaction.  A  possible  explanation  for  this  is,  though  seems  to  be  rather 
farfetched,  that  the  expected  ferromagnetic  interaction  is  cancelled  out  by 
the  antiferromagnetic  Interaction  similar  to  that  found  in  III. 
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Photo-Induced  Effect  of  Electron-Lattice  Systems  of 
Organic  Solids 


Yoshinori  Tokura  and  Shinya  Koshihara 

Department  of  Physics,  University  of  Tokyo 
7-3-1  Kongo,  Bunkyo-ku,  Tokyo  113 


1 .  Introduction 

Organic  solids  with  very  anisotropic  “f^-electonic  structures,  such  as 
conjugated  polymers  and  charge-transf er ( CT )  complexes,  exhibit  in 
general  the  strong  electron-”lattice”  interaction  ,  which  includes  the 
interaction  with  polymer  backbones,  molecular  stacks,  hydrogen-bonds 
etc.  The  purpose  of  this  research  is  to  experimentally  investigate 
transient  and/or  permanent  change  of  optical  properties  induced  by 
photo-excitation  arising  from  such  a  strong  'fr  -electron-lattice 
interaction. 


2»  Results  and  Discussion 

We  have  investigated  two  kinds  of  photo-induced  phenomena;  the  photo- 
induced  bond-structure  phase  transition  in  polydiacetylenes  (PDAs)  and 
the  photo-doping  effects  of  charge-  and  spin-carriers  (solitons)  in 
ionic  CT  crystals.  Some  of  PDAs  show  the  transformation  form  the  blue- 
form  to  the  red-form,  when  photo-excited  above  the  energy  necessary  for 
carrier-generation.  To  our  knowledge,  this  is  the  only  known  esample  of 
photo-induced  cooperative  phase  change  of  organic  polymers  triggered 
purely  by  photon-mode.  Its  transient  response  was  investigated  here  for 
the  first  time,  whcih  has  revealed  the  very  fast  process  in  the  bond 
structural  change  (less  than  laser  pulse-width,  10ns)  as  well  as  the 
rather  slow  process  associated  with  the  re-arrangement  of  side-groups. 

On  the  other  hand,  the  strong  photo-induced  absorption  or  reflectance 
change  was  observed  in  some  prototypical  ionic  CT  crystals  with 
Peierls-type  stack  dimerization.  Measurements  of  dynamics  and 
temperature-dependence  of  the  photo-induced  signals  indicate  that  the 
oberved  large  signal  can  be  interpreted  in  terms  of  the  photo¬ 
injections  of  domain-wall-type  excitations  in  dimerized  moledular 
stacks.  Further,  in  some  of  ionic  DA  mixed-stack  CT  crystals  such  a 
photo-injected  domain-wall  is  mobile  as  a  spin-or  spinless-soliton  with 

fracttional  charge  in  the  f erroelectrically  ordered  one-dimentional 
stack . 
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Preparation  of  Organic  Thin  Films  for  Ultra-fast 
Photo-electric  Conversion  by  LB  and  OMBE  Methods 
Masamichi  Fujihira 

Department  of  Biomolecular  Engineering 
Tokyo  Institute  of  Technology 
Ohokayama,  Meguro-ku,  Tokyo  152 

The  energy  conversion  from  scalar  light  into  vectorial 
electricity  could  be  successfully  attained  at  molecular  levels  by 
utilizing  a  general  tendency  of  amphiphilic  compounds  to  be 
oriented  unidirec t ional 1 y  at  a  phase  boundary.  It  seems  quite 
reasonable  from  experimental  evidence  to  assume  that  the 
amphiphilic  folded  triad  molecules  (Fig,  la)  synthesized  for  a 
molecular  photodiode  oriented  unidirec tionally  as  we  would 
expect.  Namely,  the  triads  were  spread  first  at  an  air-water 
interface  with  a  polar  electron-acceptor  group  (A)  of  the  triad 
molecule  located  at  one  end  toward  water,  a  nonpolar  electron- 
donor  group  (D)  at  the  other  end  toword  air,  and  a  nonpolar 
light-absorbing,  i.e.  sensitizer,  moiety  (S)  in  between  them  in  a 
closely  packed  mixed  monolayer  of  the  triad  and  fatty  acid. 

Then,  the  mixed  monolayer  was  transferred  onto  a  vapor-deposited 
gold  film  electrode  (Au  OTE)  by  the  Langmuir-Blodgett  (LB) 
method . 

In  this  work,  we  investigated  the  following  factors  which 
would  affect  the  efficiency  of  these  photo-electric  devices;  1) 
the  surface  pressure  applied  for  monolayer  deposition,  2)  the 
applied  electrode  potentials,  3)  the  wavelength  of  the  incident 
photons,  4)  the  distances  between  A  and  S  and  between  S  and  D, 
and  5)  the  role  of  the  D  moiety. 

The  kinetic  parameters  of  intramolecular  electron  transfer 
processes  in  picosecond  region  was  estimated  by  using  a 
mode-locked  Nd:glass  laser  and  streak  camera  system  for  S-D  and 
A-S  molecules  (Fig.  lb  and  c). 

The  photo-electric  conversion  properties  were  also  examined 
for  the  linear  triad  (Fig.  Id)  and  their  mixture  with  antenna 
molecules  (Fig.  le). 


a  b  d  e 


Fig.  1.  Functional  amphiphilic  compounds  used  in  this  work. 
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Characterization  of  Langmuir-Biodgett  Fiims 
by  Piezoeiectric  Quartz  Piates 


Yoshio  Okahata 

Department  of  Polymer  Chemistry,  Tokyo  Institute  of  Technology, 
Ookayama,  Meguro-ku,  Tokyo  152 


1*  Introduction 

Interest  in  Langmuir-Biodgett  (LB)  films  is  widespread  and  formation  of 
ordered  thin  films  by  transferring  lipid  monolayers  from  a  water  surface  is  well 
known.  The  characterization  of  LB  multilayer  films  has  been  widely  studied  in 
the  dry  state  by  various  methods  such  as  FT-IR  spectroscopy.  X-ray  diffraction, 
ellipsometry,  and  photoelectron  spectroscopy.  However,  the  in  situ  evaluation  of 
LB  films  during  the  dipping  process  has  not  been  fully  explored.  In  this  paper, 
we  report  that  water  is  incorporated  when  LB  films  are  deposited,  which  can  be 
directly  observed  by  using  a  piezoelectric  crystal  plate  as  a  dipping  substrate,  and 
that  the  molecular  orientation  in  the  monolayers  influences  both  the  amount  of 

water  incorporated  and  its  evaporation  rate  from  the  layers. 

2.  Results  and  Discussion 

Typical  time  courses  of  the  frequency  change  of  the  crystal  (9  MHz,  AT  cut) 
in  air  are  shown  in  Figure  1.  The  crystal  was  lowered  at  point  A  and  lifted  out  of 
the  stearyl  cadmium  monolayer-covered  subphase  (surface  pressure  20  mN  m"^) 
at  point  B  four  times.  The  frequency  of  the  crystal  gradually  increased  with  time 
and  reached  a  constant  value  after  15  min  in  air.  The  increased  mass  on  the 
crystal  with  each  cycle  (w^)  was  calculated,  from  the  decrease  of  the  frequency  of 

183  ±  3  Hz  from  points  A  to  C,  to  be  (2.32  ±  0.03)  x  10"^  g.  This  value  was 
consistent  with  the  theoretical  mass  of  four  dry  monolayers  of  cadmium  stearate 
(2.25  X  10'^  g).  The  increase  of  the  frequency  between  points  B  and  C  (the 

decrease  of  mass)  can  be  explained  by  evaporation  of  water  from  interlayers  of 
the  LB  films.  The  amount  of  incorporated  water  (W2)  and  its  evaporation  speed 

(v)  were  calculated  from  the  frequency  change  and  the  initial  slope  of  the  curves 
between  points  B  and  C,  respectively. 

When  monolayers  were  deposited  on  the  crystal  at  a  low  surface  pressure 
(5  or  10  mN  m*^),  both  the  amount  of  lifted  water  and  its  evaporation  speed  were 
increased,  but  the  mass  of  deposited  LB  film  was  less  than  that  lifted  at  the  high 
surface  pressure.  Thus,  a  relatively  large  amount  of  water  is  lifted  with 

disordered  monolayers  and  this  incorporated  water  evaporates  easily  through  the 
disordered  monolayers. 

In  conclusion,  we  can  evaluate  in  situ  the  molecular  orientation  of 

monolayers  using  this  technique. 
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Design  of  Functions  of  Graft  Copolymers  for  Separation  by  the  Control 
of  Their  Orientation  at  Interfaces. 

Yuhsuke  Kawakami 

Department  of  Synthetic  Chemistry 
Faculty  of  Engineering  Nagoya  University 
Chikusa,  Nagoya  464,  Japan 

INTRODUCTION 

In  order  to  establish  the  principle  to  precisely  control  gas 
permeability  and  permselectivity,  by  designing  the  structure  of  poly¬ 
mers  in  the  solid  state  and  at  interfaces,  three  approaches  were 
attempted . 

Gas  permeation  channnel  could  be  prepared  by  taking  advantage  of 
micro-phase  separation  of  hydrophilic  and  hydrophobic  graft  copolymers 
prepared  from  well-defined  macromers.  Co-complexes  were  introduced  by 
reacting  with  bromomethyl  groups  in  polymer  side  chain  to  enhance  the 
selectivity  in  permeation.  It  was  also  found  that  surface  accumula¬ 
tion  of  polydimethylsiloxane  based  graft  copolymers  could  effectvely 
enhance  both  permeability  and  permselectivity  of  oxygen  gas  over 
nitrogen  gas.  This  principle  was  applied  to  enhance  the  permeability 
and  permselectivity  of  oxygen  permeation  through  the  commercialized 
polydimethylsiloxane-b-polycarbonate  oxygen  separation  film. 

Meanwhile,  factors  controlling  the  permeation  of  gases  through 
polymer  films  were  investigated.  It  was  elucidated,  by  invesitigating 
the  glass  transition  temperature,  diffusion  coefficient  and  relaxation 
phenomena  in  the  permeation,  that  mobility  of  side  chains  of  polymer 
is  playing  essential  roles  in  permeation.  The  mobility  of  side  chains 
can  be  precisely  controlled  by  introducing  siloxane  spacers  between 
polymer  main  chain  andside  chains.  The  number  and  the  type  of  silo¬ 
xane  linkage  have  big  effect  on  the  property  of  the  polymers.  For 
instance,  one  siloxane  linkage  reduce  the  glass  transition  tempera¬ 
ture  by  IOOq  and  permeability  coefficient  was  increased  by  30  times. 
According  to  this  principle,  it  could  be  shown  that  polynorbornenes 
with  oligodimethylsiloxane  side  chains  were  quite  good  materials  for 
oxygen  selectively  permeable  membrane  materials. 

KEY  WORDS 

Polydimethylsiloxane/  Graft  Copolymer/  Gas  Permeation/  Spin-spin  Rela¬ 
xation/  Glass  Transition/  Diffusion/  Molecular  Design 


Preparation  of  Polymer  Thin  Films  by  Photopolymerization 
and  Photofunctional  Properties  of  Oriented  Polymer  Films 
Masahide  Yamamoto,  Yoshihiko  Onogi,  Shinzaburo  Ito 
Department  of  Polymer  Chemistry,  Faculty  of  Engineering 
Kyoto  University,  Yoshida  Sakyo-ku,  Kyoto  606 

1.  The  purpose  of  this  project  is  (1)  to  explore  several  preparation 
techniques  of  polymer  thin  films,  (2)  to  explore  techniques  to  align 
dopants  molecularly  in  polymer  films,  and  (3)  to  investigate 
photofunctional  properties  of  polymer  films  thus  prepared. 

2.  This  year  we  focused  our  investigation  on  the  following  two  subjects. 

(i)  Preparation  of  polymer  La ng mu i r - B 1 od ge t t  (LB)  films  with 
photofunctional  chromophores  and  development  of  photofunctional  LB 
layered  films:  The  polymer  samples  with  different  concentrations  of 
pyrenyl  groups  were  synthesized  by  the  reaction  of  poly(vinyl  alcohol) 
with  octyl aldehyde  and  pyrenecarbaldehyde.  The  polymers  were  deposited 
on  a  quartz  plate  as  Y-type  layers  with  a  deposition  ratio  nearly  unity. 
The  fluorescence  spectra  consist  of  pyrene  monomer  band  and  a  very  weak 
excimer  band,  depending  on  the  concentration  of  pyrenyl  group.  Analysis 
of  the  monomer  fluorescence  decay  for  LB  layered  films  showed  that 
pyrenyl  groups  are  uniformly  distributed  without  isolated  site. 
Dependence  of  the  excimer  emission  intensity  on  the  number  of  layers  was 
observed,  and  the  relation  between  the  decay  curve  behavior  and  the 
number  of  LB  layers  shows  that  energy  migration  occurs  between  pyrenyl 
groups  of  different  layers.  Then,  it  is  concluded  that  such  polymers 
are  appropriate  to  prevent  the  chromophores  from  forming  various  kinds 
of  aggregates,  and  to  attain  uniform  distribution  of  chromophores  in  the 
monolayers,  and  that  efficient  energy  transfer  between  inter-layers  is 
attained  for  such  a  polymer  LB  films. 

(ii)  Control  of  molecular  orientation  under  electric  field  and 

evaluation  of  the  molecular  orientation:  In  order  to  develop  electro- 

optical  devices,  we  studied  an  alignment  process  of  a  polar  dye  by 
electric  field  poling.  Evaluation  of  the  molecular  orientation  was  made 
by  absorption  and  fluorescence  polarization  method.  Polystyrene  (PS) 
films  (thickness  -  50  urn)  containing  4-dimethylamino-4'-nitrostilbene 
was  used.  Poling  was  carried  out  under  100  kV/cm  near  Tg  (110  ^C)  and 
the  film  was  quenched  to  room  temperature  immediately  after  the  poling. 
A  few  tens  of  minutes  were  sufficient  for  the  electric  poling.  The 
order  parameter  f  =  0.5  was  obtained  by  such  a  procedure,  where  f  = 
(3  cos^w  -  l)/2.  Orientation  relaxation  of  the  ordered  structure  was 
considerably  slow  and  its  relaxation  time  was  of  the  order  of  several 
months . 
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Synthetic  Studies  on  Electric  Conducting  Organic  Compounds 
Containing  Chalcogen  Atoms 

Fumio  Ogura,  Tetsuo  Otsubo,  and  Toshio  Aso 
Faculty  of  Engineering,  Hiroshima  University 
Saijo,  Higashi-Hiroshima  724 


1.  Introduction 

New  organic  electron  donors  and  acceptors  containing  chalcogen  atoms  were 
designed  and  synthesized  to  obtain  highly  electric  conducting  organic  compounds 
from  them. 

2.  Pesults  and  Discussion 

Amoung  the  electron  donors  synthesized,  peri-ditelluroacenaphthene  and  2, 3, 6, 7- 
tetrainethyl-l,4,5,e-tetrachalcogenonaphthalenes  show  stronp  electron  donating 
properties  and  afford  highly  conducting  molecular  complexes  and  radical  cation 
salts,  respectively.  Selenium  analogues  of  TPDT  ( (2-thiopyran-4-ylldene)-l, 3- 
dithiole)  are  also  good  donors  and  form  TCKO  complexes  having  a  metallic 
conductivity. 

Among  the  electron  acceptors  synthesized,  linearly  conjugated  and  condensed 
type  heteroquinonoid  analogues  of  TCNO  are  generally  weak  donors  but  show  a 
remarkable  characteristic  to  have  very  small  on-site  Coulomb  repulsions. 

Introduction  of  electron  attracting  substituents,  e.g.  halogens,  much  improves  their 
electron  accepting  properties  and  bring  them  up  superior  acceptors  bearing  both 
good  electron  affinities  and  small  on-site  Coulomb  repulsions.  They  formed  many 
highly  conducting  molecular  complexes,  whose  conductivities  sometimes  reach  to  170 
Scm”^  in  spite  of  compressed  powder  pellets.  The  pyridine  and  pyrazine  analogues  of 
TCKO  are  strong  electron  acceptors  than  TCNO.  Although  they  could  not  be  isolated 
as  neutral  molecules,  they  also  afford  highly  conducting  TTF  complexes. 
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Molecular  design  of  asymmetrical  Langmuir-Blodgett 
films  for  conversion  of  optical  signals 

Shogo  Saito,  Tetsuo  Tsutsui  and  Masanao  Era 
Graduate  School  of  Engineering  Sciences,  Kyushu  University 
Kasuga  Kouen,  Kasuga-shi ,  Fukuoka,  Japan  816 

1,  Introduction 

Using  the  Langmuir-Blodgett  (LB)  technique,  last  year,  we  could 
construct  an  asymmetrical  films  with  hetero  Y-type  structure.  Then  we 
have  pursued  the  study  of  the  molecular  design  for  constructing  stable 
asymmetrical  LB  films  with  the  aim  of  developing  pyroelectric  and  second 
order  non-linear  optical  films, 

2,  Results  and  Discussion 

Two  homologous  azobenzene  derivatives,  and  2,  were  synthesized  ( 
Ci8H370-())-N=N-(J)-X,  ]^:X=N02,  2:X=C00C2H3,  (j);phenyl).  A  polar  amphiphile 
1  posseses  a  strong  el ectron-withdr awing  nitro  group  as  a  hydrophilic 
head.  In  its  monolayer,  the  polar  molecules  did  not  orient  vertically 
to  the  monolayer  plane,  A  less  polar  amphiphile  2  gave  a  monolayer  with 
well-defined  H-aggregated  structure.  We  found  that  the  complete  mixing 
of  .1^  into  2  was  attained  in  the  molecular  level  and  was  favorable  to 
accomplish  the  vertical  orientation  of  the  polar  amphiphiles  to  the 
monolayer  plane.  On  the  contrary,  the  mixed  monolayer  of  to  a  conven- 
tioanl  fatty  acid  (arachidic  acid)  gave  similar  absorption  spectrum 
caused  by  azobenzene  chromophore  to  that  of  the  single  monolayer  1^, 

We  obtained  the  LB  film  with  hetero  Y-type  structure  of  the  mixed 
monolayer  ( ) ,  when  the  mixed  monolayer  and  a  monolayer  of  cadmium 
arachidate  were  deposited  alternately  on  quartz  substrates.  The  spectrum 
of  the  alternating  multiplayer  well  corresponded  with  that  of  the  mixed 
monolayer’  (_l+2)  at  the  air-water  interface.  The  aggregation  structure 
at  the  air-water  interface  was  preserved  in  the  alternating  multilayer 
film. 

We  measured  the  linear  Stark  effect  (electroabsorption)  for  quanti¬ 
tative  evaluation  of  the  asymmetrical  orientation  of  amphiphiles  in  LB 
films.  A  strong  Stark  signal  was  observed  from  the  alternating  multi¬ 
layer  film  composed  of  the  mixed  monolayer  (1+2)  and  cadmium  arachidate. 
The  order  parameter  <cos  6>  in  this  film  was  determined  to  be  0.47.  A 
strong  pyroelectric  response  was  obtained  for  the  alternating  multilayer 
and  the  pyroelectric  coefficient  was  determined  to  10”^^Ccm  ^ .  By 

irradiation  of  pulsed  Nd-YAG  laser,  we  could  observe  a  pronounced  second 
harmonic  generation  (SHG)  signal  from  the  alternating  multilayer. 
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Effect  of  Light-Irradiation  and  Electric  Field  for  the 
Preparation  of  Highly  Oriented  Organic  Molecular  Thin  Films 

Yusei  MARUYAMA 

Institute  for  Molecular  Science 
Myodaiji,  Okazaki  444,  Japan 


1.  Introduction 

It  is  crucially  important  to  develop  new  substances  or  materials 
for  a  substantial  progress  in  basic  sciences.  The  purpose  of  this 
research  project  is  to  establish  the  preparation  of  organic  ultra-thin 
multi-layered  f i 1ms  with  the  use  of  a  Molecular  Beam  Epi taxy  ( MBE ) 
technique,  and  especially  to  improve  the  orientation  of  organic 
molecules  in  a  film  with  the  help  of  light-irradiation  and  electric 
field  in  the  course  of  evaporation . 

2.  Results  and  Discussion 

We  have  tried  to  prepare  a  homogeneous  and  oriented  film  and  make 
it  as  thin  as  possible  without  using  light  or  electric  field  as  an 
initial  step.  Aluminum  phthalocyanine  polymer  (bridged  by  F) ,  AlPc(F), 
was  evaporated  onto  several  kinds  of  substrates  in  an  NBE  system  to 
check  the  effects  of  substrate  materials  and  temperature. 

The  structures  of  films  evaporated  on  a  silicon  or  quartz  are 
rather  irregular  in  the  image  of  SEM  and  polycrystalline  in  the  electron 
diffraction  pattern.  The  TEM  image  shows  that  Pc  molecular  planes  are 
perpendicular  to  the  substrate  and  polymer  axies  are  paralled  to  it. 

On  the  contrary,  the  TEM  image  of  the  film  grown  on^a  KCl  (100) 
cleaved  crystal  plane  shows  clear  square  lattices  (12.6  A)  and  the  Pc 
molecular  planes  are  paralled  to  the  plane.  There  are  two  preferential 
orientations  in  the  2-D  growth  direction  of  which  mutual  angle  is  37  • 
These  orientations  are  just  corresponding  to  two  possible  configurations 
of  ca .  14  A  square  lattices  on  the  KCl  (100)  crystal  surface,  and  A1  and 

N  atoms  of  AlPc  are  well  accommodated  on  K  and  Cl  ions,  respectively. 

In  the  case  of  KBr  substrate,  the  TEM  image  is  of  uni-directed 
square  lattices,  and  this  orientation  is  just  derived  from  the  unique 
orientation  of  ca.  14  A  square  lattices  on  KBr  crystal  surface. 

These  2-D  orientations  give  a  clear  evidence  for  the  epitaxial 
growth  of  AlPc(F)  on  the  surface  of  potassium  halide  crystals. 

Moreover,  the  optical  absorption  spectra  of  these  films  show  extra  peaks 
near  the  principal  Q-band  of  Pc,  and  their  origin  could  be  the  strained 
lattice  structure  (14  A  to  12.6  A  lattice)  of  the  interface 
between  organics  and  substrate . 
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Photo-Processing  for  the  Preparation  of  Inorganic  Thin  Films 


TAKESHI  ASAI,  HIROHIDE  NAKAMATSU  AND  SHICHIO  KAWAI 
The  Institute  of  Scientific  and  Industrial  Research, 
Osaka  University,  Ibaraki,  Osaka  567,  JAPAN 


1 . Introduction 

Species,  sometimes  in  the  ionic  form,  formed  by  the  photoexcitation 
may  be  usable  in  the  CYD  growth  of  a  thin  layer  on  a  suitable  substrate.  It 
is  deeply  desirable  to  elucidate  a  role  of  the  irradiated  light  in  the 
layer  growth.  In  this  report  growth  of  SiC  and  GaN  thin  layers  with  ArF 
excimer  laser  light  was  studied;  in  the  former  the  irradiation  onto  the 
substrate  was  significant  while  in  the  latter  excitation  of  the  source 
gases  was  effective. 

2.  Results  and  Discussion 
Epitaxial  SiC  films 

Epitaxial  3C-type  SiC  films  grew  under  the  ArF  excimer  laser 
irradiation.  The  reaction  was  performed  in  a  CVD  chamber  at  a  very  low 
reaction  gas  pressure  of  about  10”^Pa,  in  order  to  avoid  the  collision 
between  the  gas  molecules  so  as  to  make  the  reaction  simple.  The  light 
irradiation  of  the  substrate  was  necessary  to  grow  adherent  and  epitaxial 
Sic  films.  The  improvement  of  adhesion  and  epitaxy  means  that  the 
irradiation  has  significant  effects  on  the  interface  formation  between 
AI2O3  and  Sic.  In  fact,  the  irradiation  only  at  the  initial  stage  of  film 
growth  was  enough  to  prepare  adhesive  and  epitaxial  films.  The  initial 
stage  of  the  growth  was  observed  with  a  high  resolution  SEM.  The 
irradiation  increased  the  nucleation  concentration  and  made  the  deposits 
cover  the  AI2O3  surface.  The  irradiation  effects  depended  on  the 
wavelength*  It  revealed  that  the  chemical  species  concerning  the  effects 
were  not  the  reaction  gases  nor  the  substrate.  The  irradiation  may  cause 
the  photo-chemical  reaction  of  absorbed  species  on  the  AI2O3,  resulting  in 
having  desired  effects  on  adhesive  and  epitaxial  growth.  For  the  Si 
substrate,  the  light  irradiation  enhanced  the  atomic  diffusion  through  the 
Sic  film  and  increased  the  film  growth  rate  in  the  carbidization  reaction. 
Epitaxial  GaN  films 

A  GaN  thin  layer  was  grown  on  AI2O3  (001)  using  Ga(CH3)3  and  NH3  as  a 
source  gas  in  the  molar  ratio  of  50-100  and  under  the  total  pressure  of 
0.1~0.5  Torr.  At  500-800  C  products  were  oriented  preferably  parallel  to 
(001)  and  (101).  With  decreasing  temperature  crystals  with  the  (001) 
orientation  grew  more  dominated.  Thus  the  present  method  has  opened  a  new 
way  towards  the  growth  of  GaN  at  temperatures  lower  by  400  C  compared  with 
the  previous  thermal  CVD. 
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CONTROL  OF  INTERFACES  OF  GELS 
IN  THE  SOL-GEL  SYNTHESIS  OF  MATERIALS 


Sumio  Sakka  and  Hiromitsu  Kozuka 
Institute  for  Chemical  Research,  Kyoto  University 
Uj i ,  Kyoto-Fu  611,  Japan 


1 .  Introduction 

Reactions  of  alkoxysilanes  in  the  starting  solutions  for  the  sol- 
gel  synthesis  of  silica  and  silicates  have  been  studied  to  have  a 
basic  information  for  designing  the  structure  of  sol-gel  products. 
Secondly,  the  stability  of  the  dried  silica  gel  monolith  with 
micropores  of  1  60  A  in  diameter  and  its  heated  products  to  exposure  to 
solvents  has  been  studied,  in  order  to  have  a  basic  knowledge  required 
for  applying  the  silica  monoliths  as  functional  porous  material. 

2.  Results  and  Discussion 

2.1  Reactions  of  Alkoxysilanes  in  the  Solutions 

It  has  been  found  that  partial  or  full  replacement  of  the  ethoxyl 
groups  by  trimethylsiloxyl  groups  gives  RSi  ( OEt )  y^(OSiMe3  )  3^^^  (n  =  0, 

1,  2),  when  alkyltriethoxysilane  is  treated  with  Amberlyst  15,  a 
cation  exchange  resin,  in  the  presence  of  hexamethyldisiloxane.  Also 
it  has  been  shown  that  transesterification  reaction  is  seen  between 
tetraethoxysilanes  and  butyl  alcohols  in  the  presence  of  Amberlyst  15. 
It  has  been  observed  that  when  tetraalkoxysilanes  are  mixed  in  (2- 
hydroxyethyl ) trimethylammonium  hydroxide  aqueous  solution,  (2- 
hydroxyethy 1 ) tr imethy lammonium  silicate  with  cubic  octamer  structure 
is  rapidly  precipitated  as  solid. 

2.1  Stability  of  Gel  Monolith  to  Solvents 

The  dried  silica  gel  monolith  with  micropores  of  about  160  A  in 
the  average  diameter,  prepared  by  the  sol-gel  method,  has  been  tested 
for  the  crack  formation  by  exposing  it  to  the  vapor  of  various 
solvents.  It  has  been  found  that  cracks  are  formewd  when  the  surface 
tension  of  the  solvent  is  higher  than  47.5  dyne/cm.  The  same  gel 
monolith  was  heated  at  various  temperatures  up  to  1030  and  then 
tested  for  the  crack  formation  on  immersion  in  water.  It  has  been 
shown  that  the  heating  temperatures  of  850  and  900  give  gel 
monoliths  which  are  not  cracked.  The  occurrence  of  cracks  may  be 
explained  by  the  changes  of  pore  diameter,  strength  of  gel  skeletons 
and  character  of  pore  surfaces. 
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METAL-CERAMIC  BONDED  INTERFACE,  ITS  DESIGN, 
OF  THE  BEHAVIOR  AND  ASSESSMENT 


OBSERVATION 


Yoichi  Ishida 

Institute  of  Industrial  Science,  University  of  Tokyo 
7-22-1  Roppongi  Minatoku  Tokyo  106  Japan 

1.  Introduction 

Metal-ceramic  joining  is  considered  indispensable  in  using 
ceramics  to  structural  components,  because  enhancement  of  the 
toughness  is  achieved  by  this  way.  Nature  of  the  bonding, 
however,  differs  so  extensively  understanding  the  structure  and 
the  behavior  of  the  interface  and  the  control  is  considered 
urgent.  This  study  intends  to  design  the  interface  through 
understanding  the  interface  by  high  resolution  electron  micro¬ 
scopy.  Niobium/alumina  system  was  chosen  as  the  suitable  system 
to  do  the  study. 

2.  Results  and  Discussion 

Cross-sectional  high  resolution  electron  microscopic  obser¬ 
vations  were  made  with  various  bicrystalline  bonded  specimens. 

For  example  a  Nb/Al203  bicrystal  was  produced  by  joining  face  to 
face  the  sapphire  (1120)  and  niobium  (110)  at  1873K  in  vacuum 
under  a  load  of  1 2MPa.  sliced,  thinned  and  observed  from  two 
directions,  alumina [ 0001  ] //niobium [ n 1  ]  and  alumina [ l1 00 ] // 
niobium[lT2].  Atomic  ledges  are  shown  parallel  to  alumina [ 0001 ] // 
niobiumdTl]  refelcting  smallness  of  the  lattice  mismatch  of 
alumina(  1 1  20)  and  niobium(1  1  0). 


Syntheses  of  New  Functional  Materials  by  Using  Interlayer 
Surfaces  of  Layered  Crystals  and  Their  Characterization 

Makoto  Hattori  and  Shoj i  Yamanaka 
Department  of  Applied  Chemistry,  Faculty  of  Engineering, 

Hiroshima  University,  Higashi-Hiroshima  724 

1 .  Introduction 

The  interlayer  spaces  in  layered  crystals  can  be  regarded  as  two- 
dimensional  interfaces  in  between  adjacent  crystalline  layers.  The  main 
objectives  of  this  study  are  to  fablicate  low  dimensional  materials  in 
the  interlayer  spaces  through  intercalation  processes  and  to  tailor  new 
types  of  functional  materials  by  the  hybridization  of  the  crystalline 
layers  as  a  building  compornent  at  molecular  levels. 

2.  Results  and  Discussion 

(1)  Intelayering  of  Cu(0H)2  in  montmorillonite 

Na-montmorillonite  was  dispersed  in  copper (II)  perchlorate 
solutions  and  titrated  with  NaOH  very  slowly.  The  montmorillonite  was 
converted  into  a  Cu-chlorite  like  phase  having  Cu(0H)2  interlayers 
without  forming  basic  copper  salt.  It  is  noteworth  that  the  Cu(0H)2 
precipitated  in  the  interlayer  spaces  has  the  brucite  type  layer 
structure  although  only  the  Y-FeOOH  type  structure  is  known  for  the  bulk 
crystal  of  Cu(0H)2.  This  may  be  considered  to  be  a  special  interface 
effect  of  the  interlayer  spaces  of  montmorillonite. 

(2)  Lithium  intercalation  in  layered  perovskite 

Lithim  intercalation  in  layer  structured  niobate  perovskites  has 
been  studied.  A  double  and  a  triple  layer  structured  perovskites, 
KLaNb207  and  KCa2Nb30io,  respectively,  were  prepared  and  the  pressed 
powder  was  subjected  to  reaction  with  n-butyllithium  solution  in  hexane. 
The  pellet  was  simultaneously  colored  dark  blue  on  immersion,  indicating 
that  the  intercalation  accompanied  by  charge  transfer  occurred.  The 
crystal  changed  from  insulator  into  semimetal,  increasing  the  electrical 
conductivity  by  a  factor  of 

(3)  Intercalation  of  hydrogen  in  p-ZrNCl 

p-ZrNCl  has  a  unique  layer  structure  with  two  kinds  of  interlayers 
(Cl-Cl  and  N-N)  in  one  layer  structure.  When  the  crystal  was  treated 
with  H2  or  NH4CI  at  elevated  temperatures,  hydrogen  was  taken  up  into 
the  N-N  interlayer  spaces  of  (3-ZrNCl.  The  hydrogenated  crystal  was  an 
n-type  semiconductor  with  very  shallow  impurity  donor  levels. 
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Preparation  of  Composite  Particles  Comprised  of  Organic- inorganic  Compounds 
and  Ordering  in  Fine  Particle  Suspension 

Kunio  FURUSAWA 

Department  of  Chemistry,  The  University  of  Tsukuba 
1-1,  Tennodai“l,  Tsukuba,  Ibaraki  305,  Japan 


a) ,  Effects  of  an  electrolyteCK^SO^)  and  water-soluble  polymer(Hydroxylpropl 

Cellulose  ;  HPC)  on  the  formation  of  composite  particles  comprised  of  organic 
(amphoteric  latices  ;  particle  diameter, 2a  =  250  nm)  and  inorganic( spherical 
silica  ;  2a  =  240  -  1590  nm)  compounds  have  been  investigated  as  a  function  of 
concentration  of  the  electrolyte  and  the  polymer  in  the  medium  of  the  basis  of 
hetero  coagulation  theory.  It  is  apparent  that  the  addition  of  the  electrolyte 
increases  the  adsorption  densities  of  latices  on  silica  and  eventually  approaches 
©(fraction  coverage  of  adsorption)  =  1  at  1.46  x  10  M  for  the  largest 

silica  used.  On  the  other  hand,  the  addition  of  the  water-soluble  polymer  in 
the  medium  weakens  the  affinity  of  latex  adsorption.  This  effect  was  influenced 
dramatically  by  the  concentration  of  polymer  and  its  molecular  weight.  Furthermore, 
it  is  realized  that  these  additives  are  useful  to  control  the  composition  of 
organic  and  inorganic  compounds  in  the  composite  particles  prepared  by  the  hetero 
coagulation  technique. 

b) .  It  is  generally  accepted  that  nonadsorbing  polymers  also  can  affect  the 
stability  of  colloidal  systems  when  the  other  interparticle  forces  are  relatively 
weak.  The  physical  reason  is  that  nonadsorbing  polymer  will  try  to  avoid  the 
surface  region  because  of  a  lower  conformational  entropy  close  to  the  surface. 

The  resulting  effect  has  been  named  depletion  effect  because  the  reason  of  the 
effect  is  the  depletion  of  polymer  near  a  wall.  In  this  study,  the  depletion 
effect  has  been  studied  by  the  two  different  approaches.  The  first  is  from 

a  view  point  of  rheology.  The  curves  of  relative  viscosity  of  the  latex  +  free 
polymer (HPC)  systems  under  a  lower  shear  rate  have  a  peak  about  a  concentration 
of  free  HPC,  which  depends  on  the  molecular  weight  of  HPC. 

The  second  approache  has  been  based  on  the  ordering  behaviour  of  the  latex 
suspension.  It  is  apparent  that  the  depletion  effect  from  free  polyelectrolyte 
molecule  decreases  the  interparticle  spacing  in  the  ordered  layers  and  sometimes 
brings  about  destruction  or  phase  separation  of  the  uniform  ordered  layers. 
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Fabrication  of  Epitaxial  Thin  Films  of  Conducting  Materials 
by  MO-CVD  Method 

Koichi  Kitazawa,  Tetsuya  Hasegawa  and  Koh j i  Kishio 
Department  of  Industrial  Chemistry,  University  of  Tokyo 
Hongo  7-3-1,  Bunkyo-ku,  Tokyo  113 


1 .  Introduction 

Since  the  discovery  of  cuprate  oxide  superconductor,  La-Ba-Cu-0, 
fabrication  of  thin  films  has  been  a  subject  of  intensive  works. 
These  cover  sputtering,  evaporation,  screen  printing,  dip  coating  and 
so  on.  In  this  study,  we  report  the  synthesis  of  Ba-Y-Cu-0  and  Bi-Sr- 
Ca-Cu-0  thin  films  by  a  mist  pyrolysis  technique .  In  addition , 
construction  of  small  size  STM,  which  can  be  incorporated  in  the 
reaction  chamber  of  mist  pyrolysis  apparatus ,  and  its  application  to 
the  tunneling  spectroscopy  at  low  temperature  will  be  described. 

2.  Results  and  Discussion 

Fine  mist  of  Y,  Ba,  Cu  or  Bi ,  Sr,  Ca,  Cu  mixed  solution  created 
by  an  ultrasonic  nebulizer  was  introduced  into  the  reaction  chamber 
along  with  a  nitrogen  or  oxygen  gas  flow.  The  thin  films  of  oxide 
superconductors  were  deposited  on  a  YSZ  substrates  set  on  a  carbon  or 
Pt  holder,  which  were  heated  inductively  through  an  rf  coil.  From  the 
compositional  analysis  of  thin  films,  it  turned  out  that  Cu  tended  to 
be  enriched  compared  to  other  elements.  However,  the  enrichment  of  Cu 
was  substantially  improved  by  utilizing  oxygen  as  the  carrier  gas  and 
the  Pt  holder.  Furthermore,  the  resistivity  measurement  of  obtained 
films  indicated  the  significance  of  post-annealing  process.  The  best 
specimens  of  Y-Ba-Cu-0  and  Bi-Sr-Ca-Cu-0  showed  the  zero  resistivity 
temperatures  of  35  and  63  K,  respectively. 

The  small  size  STM  ( 23mm(t)x80mm )  was  applied  to  the  tunneling 
measurement  of  Bi-Sr-Ca-Cu-0  single  crystal  at  4.2  K.  From  the  dl/dV- 
V  curve,  superconducting  gap  was  estimated  to  be  17  meV,  which  was 
fairly  in  good  agreement  with  the  predicted  value  by  BCS. 
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Studies  on  Synthetic  Processes  of  Transparent  Conducting 
Polymer  Thin  Film  Obtained  by  Controlling  the  Solid-Air 
Interface  Reaction 
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Koganei,  Tokyo  184,  Japan 

Introduction 

Conductive  polypyrrole  can  be  synthesized  by  electro-  chemical  as 
well  as  chemical  method.  The  latter  method  generally  yield  low 
conductive  material.  However  we  recently  found  that  polypyrrole 
obtained  by  chemical  polymerization  can  exhibit  very  high  electrical 
conductivity  when  suitable  solvent  is  selected  and  the  oxidation 
potential  of  the  oxidant  media  is  controlled. 

Results  and  Discussion 

In  this  work  polypyrrole  has  been  prepared  by  chemical 
polymerization  in  Fecl3  solutions  with  various  solvents.  When  2 ,  oM 
Fecl^  in  methanol  was  used  as  an  oxidant  solution,  for  20  minutes 
polymerization  time  and  0  '^C  polymerization  temperature,  the  polypyrrole 
obtained  shows  an  electrical  conductivity  as  high  as  190  S/cm.  It  is 
found  that  the  oxidation  potential  of  the  solution  strongly  effects  the 
polymerization  process  and  hence  the  conductivity,  this  oxidation 
potential  depends  on  the  concentration  ratio  of  Fecl^  and  Feci2 •  The 
optimum  value  of  oxidation  potential  {vs.  SCE )  to  produce  a  high 
conductive  polypyrrole  is  approximately  500  mV.  It  is  clear  that  the 
Fecl2  produced  during  the  reaction  will  reduce  the  potential  and  thus 
results  in  low  conductive  material.  When  the  oxidation  potential  of 
Fecl^  in  methanol  solution  was  controlled  to  the  optimum  value  by  adding 
small  suitable  amount  of  Fecl2  before  the  reaction,  along  with  proper 
polymerization  condition  the  conductivity  of  the  synthesized  polypyrrole 
can  be  increased  up  to  220  S/cm;  comparable  to  values  obtained  by 
electrochemical  polymerization . 
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1 .  Introduction 

Photoinduced  chemical  vapor  deposition  (photo-CVD)  is  a  useful 
technique  for  thin  film  deposition,  and  currently  it  is  under  intense 
investigation.  We  are  in  particular  interested  in  surface  photolysis 
of  adsorbed  source  molecules  on  substrates,  which  plays  an  important 
role  in  photoinduced  metalorganic  chemical  vapor  deposition.  Also, 
the  surface  reaction  can  be  utilized  to  achieve  area-relative  deposi¬ 
tion  with  such  applications  as  direct  writing  and  pattern  transfer. 

2,  Results  and  Discussion 

We  deposited  aluminum  thin  films  on  silicon,  using  a  metalorganic 
source  gas,  dimethylaluminuro  hydride  (DMAIH) .  For  the  light  source, 
a  deuterium  lamp  and  an  ArF  excimer  laser  were  used  to  photolyze 
DMAIH.  Deposition  occurred  at  substrate  temperatures  lower  than 
required  by  thermal  decomposition  of  DMAIH  (about  250  °C) .  The 
deposition  rate  increased  with  both  substrate  temperature  and  vapor 
pressure.  For  light  intensity  the  rate  became  independent  above  a 
certain  level.  Also  the  rate  for  laser  irradiation,  defined  as  the 
thickness  increase  per  pulse,  decreased  with  its  repetition  frequency. 

The  observed  irradiation  effects  were  induced  by  surface  photo¬ 
lysis  as  evidenced  by  the  following  reasons:  (1)  With  low  vapor 
pressures  (typically,  6.7x10”^  Pa)  used  throughout  this  experiment, 
light  can  not  be  used  effectively  in  gas  phase.  (2)  Area  selectivity: 
Radicals  generated  in  gas  phase  should  diffuse  over  a  wide  area,  and 
deposition  would  occur  even  outside  the  irradiated  area,  in  contra¬ 
diction  with  the  observed  fact.  (3)  In  gas  phase,  the  amount  of 
radicals  generated  by  each  pulse  should  be  independent  of  the  repeti¬ 
tion  rate,  again  in  contradiction  with  the  experiment.  (4)  We  set 
up  a  rate  equation  for  the  number  of  adsorbed  DMAIH  molecules, 
including  the  impingement,  thermal  and  photoinduced  desorption  and 
photoinduced  dissociation.  Using  this  equation,  we  can  explain  all 
the  experimental  facts. 
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1 .  Introduction 

Preparation  of  magnetic  oxide  films  has  recently  attracted 
much  attention  because  of  the  potential  utility  of  their  magnetic 
and  magneto-optic  properties.  In  the  present  laboratory  a 
reactive  evaporation  method  has  long  been  applied  to  preparation 
of  various  transition  metal  oxide  films  on  various  types  of 
substrates.  Reported  here  is  the  growth  of  Fe^O^  on  the  (0001  ) 
surface  of  a-Al202. 

2.  Results  and  Discussion 

Deposition  conditions,  such  as  the  substrate  temperature, 
oxygen  partial  pressure,  deposition  rate  etc.,  appropriate  to  the 
growth  of  well-crystallized  Fe^O^  were  determined,  and 
epitaxially  grown  films  were  characterized  by  XRD,  resistivity 
measurements,  and  conversion  electron  Mossbauer  spectroscopy 
(OEMS) . 

Film-thickness  dependence  of  the  XRD  (hhh)  peaks  indicated 

O 

that  the  structural  coherence  remained  below  500A.  This  fact  and 
the  columnar  growth  of  particles  having  a  typical  diameter  of 
^500A  has  been  considered  to  result  from  a  large  lattice  mismatch 
of  ^8%  between  Fe^O^  and  a-Al202« 

GEMS  spectra  indicated  good  stoichiometry  for  films  thicker 
0 

than  /'/I  OOA ,  while  remarkable  tendency  toward  oxidation  and 
superparamagnetism  was  found  for  thinner  films.  Restivity 
measurements  indicated  the  occurrence  of  the  well-known 
electronic  and  structural  transition  called  Verwey  transition. 

Preliminary  studies  using  the  (100)  surface  of  MgO  as 
substrate  have  suggested  that  the  improvement  in  lattice  matching 
allows  the  growth  of  Fe^O^  of  a  much  higher  crystalline  quality. 
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1 .  Introduction 

Ion- conductive  amorphous  films  have  potential  for  the 
applications  to  the  electrochemical  devices  such  as  thin  film 
batteries,  displays,  and  sensors.  In  the  present  study,  the  ion- 
conductive  amorphous  films  have  been  prepared  under  controlled 
atmosphere  by  the  various  methods  (rapid  quenching,  sol-gel 
method ,  and  thermal  decomposition) ,  and  characterized,  with  the 
purpose  to  develop  the  stable,  highly  ion-conductive  amorphous 
films. 

2.  Results  and  discussion 

The  following  results  have  been  obtained  through  the  present 
study : 

(1)  The  silica  gel  films  containing  up  to  42  wt% 
molybdophosphoric  acid  (MPA)  have  been  obtained  by  the  sol-gel 
method.  The  proton-conductivity  of  these  films  varies  almost 
reversibly  with  the  relative  humidity  in  a  range  of  20  to  95%, 
indicating  their  applicability  to  humidity-sensors . 

(2)  The  ion-conductivity  of  cation-  and  anion-mixed  halide 
glasses  have  been  studied  systematically  and  a  hypothesis  has 
been  proposed  to  explain  the  "mixed- ion  effect”  on  the 
conductivity  observed  in  these  glass  films. 

(3)  The  amorphous  transition-metal  oxides  and  sulphides  have  been 
prepared  by  the  rapid  quenching  and  the  thermal  decomposition, 
respectively.  These  materials  have  shown  the  cathode  behavior 
superior  to  the  corresponding  crystalline  ones  in  lithium  cells. 

(4)  The  structure  of  the  newly-prepared  amorphous  films  has  been 
analyzed  by  the  IR,  Raman  spectroscopy,  the  x-ray  diffraction, 
and  the  molecular  dynamics.  The  importance  of  the  structure  of 
the  melts,  rather  than  the  corresponding  crystalline  phases,  has 
been  demonstrated  to  understand  the  structure  of  the  glasses 
obtained . 
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Growth  of  Aluminum  Nitride  Thin  Film 


Nobuo  MIKOSHIBA 
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1 .  Introduction . 

Aluminum  nitride  (AlN)  is  a  III-V  compound  with  a  direct  band  gap  of  6.2eV. 
AIN  thin  films  have  potential  use  in  surface  acoustic  wave  (SAW)  devices,  blue 
light  emitting  devices ,  passivation  and  packaging  materials ,  etc . ,  because  of  its 
high  SAW  velocity,  high  thermal  conductivity,  and  thermal  expansion  coefficient 
which  is  equal  to  that  of  GaAs  and  Si.  We  have  investigated  the  growth  of 

epitaxial  AIN  films  on  a-Al  0  and  Si  substrates,  and  developed  zero-temperature 

1)  ^  ^ 

coefficient  SAW  devices. 

In  this  research  project,  AlN  thin  film  growth  technologies  are  investigated 
under  the  following  three  subjects. 

(1)  Relaxation  of  the  large  lattice  mismatch  between  AlN  epitaxial  film  and 
a-Al^O^  substrate  (about  13%) , 

(2)  Low  temperature  growth,  and 

(3)  Higher  purification  of  CVD  environment  and  source  materials. 

In  this  year,  we  optimized  an  epitaxial  growth  of  AlN  with  an  initial 
nitriding  layer,  in  order  to  relax  the  large  lattice  mismatch.  We  deposited  high 
purity  epitaxial  layer  using  TMA  with  low  oxgen  content. 

2.  Results  and  Discussion 

AlN  films  were  grown  on  (0112) a-Al^O^  substrates  using  MO-CVD  which  involves 

a  chemical  reaction  between  trimethylaluminum (TMA)  and  ammonia (NH  ) .  We  have 

1) 

developed  an  epitaxial  growth  technology  with  an  initial  nitriding  layer.  In 
this  year,  we  have  optimized  the  initial  nitriding  conditions  of  nitriding 
pressure ,  nitriding  temperature ,  and  nitriding  duration .  The  half  width  of  the 

X-ray  rocking  curves  of  AlN  epitaxial  films  with  initial  nitriding  layer  under 

0 

5torr  of  NH^  was  smaller  than  AlN  films  with  initial  nitriding  under  atmospheric 
pressure.  We  found  the  optimum  initial  nitriding  condition  was  5torr  of 
NH^,1200®C,  and  5min. 

The  conventional  TMA  contains  about  50-100ppm  oxgen,  which  degraded  the 
crystal  quality.  We  found  that  AIN  epitaxial  films  using  the  high  purity  TMA  with 
low  oxgen  content  of  2ppm  exhibited  the  higher  crystal  quality  than  that  using 
the  conventional  TMA.  High  purity  TMA  should  be  used  in  order  to  obtain  a  high 
purity  and  high  quality  AlN  films. 
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1.  Introduction 

GaN,  Al.Gai-.N  and  ZnS.Set-.  are  promising  for  photonic  devices 
in  the  spectral  region  of  blue  through  ultraviolet.  It  has  been  fairly 
difficult,  however,  to  grow  high  quality  crystal  as  well  as  to  control 
their  optical  and  electrical  properties.  The  hetero-epitaxial  growth 
and  optical  and  electrical  properties  of  these  wide  band-gap 
semiconductors  are  studied. 

2.  Results  and  Discussion 

High-quality  GaN  film  with  a  smooth  surface  free  from  cracks  can 
be  grown  successfully  on  sapphire  C  and  A  substrates  by  MOVPE  using  a 
thin  AlN  buffer  layer.  The  most  essential  role  of  the  buffer  layer  is 
found  to  be  (i)  the  supply  of  the  nucleation  sites  with  the  same 
crystal  orientation  as  the  sapphire  and  (ii)  the  promotion  of  the 

lateral  growth  oh  GaN  due  to  the  decrease  in  an  interfacial  free 

energy  between  the  sapphire  and  the  GaN  film. 

The  FWHM  of  X-ray  diffraction  profile  for  the  GaN  film  is  much 

reduced  and  the  optical  and  electrical  properties  can  be  remarkably 
improved  by  this  process . 

From  the  measured  strain  and  the  shift  of  PL  peak  energy*  the 

deformation  potential  of  .GaN  is  found  to  be  12eV  for  the  first  time. 

For  the  efficient  formation  of  blue  EL  centers,  it  is  found  that, 
GaN  film  doped  with  Zn  must  be  grown  on  sapphire  A  substrate  at 
temperatures  lower  than  950°C  . 

Al.  Gai  -  .  N ( Os xsO . 4 )  films  grown  on  sapphire  C  substrate  are  found 
to  be  composed  of  many  mosaic  crystallites  with  various  orientations. 
This  fluctuation  of  orientation  can  be  considerably  reduced  and  the 
surface  morphology  of  the  film  can  be  remarkably  improved  by  the  AIN 
buffer  layer  in  MOVPE. 

The  hetero-interface  of  ZnS. Se, - .  ( 0 . 45< vs  1 . 0 )  grown  on  GaP  by  VPE 
is  studied  by  Raman  Spectroscopy.  The  hole  prasmon-LO  phonon  coupled 
mode  is  observed  near  the  hetero- interface  in  samples  with  smooth 
surface  morphology.  The  holes  of  such  a  high  density  are  probably  due 
to  Zn  atoms,  which  are  introduced  during  the  growth. 
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1 .  Introduction 

Although  II-VI  compound  semiconductors  are  promising  materials  for 
optoelectronic  devices,  the  growth  mechanism  of  these  epitaxial 
layers  is  not  fully  understood.  This  research  is  intended  to 
investigate  the  impurity  doping  effects  on  the 'growth  rate  and  the 
crystallinity  of  ZnS  and  ZnSe  epigrown  layers  in  order  to  make  clear 
the  principal  factors  controlling  the  growth  mechanism  of  these 
layers. 

2.  Results  and  Discussion 

ZnS  and  ZnSe  layers  were  grown  on  GaP  and  GaAs  substrates  by  using 
a  hydrogen-transport  vapor  phase  method.  The  effects  of  iodine¬ 
doping  on  the  hetero-epitaxial  growth  of  ZnSe  on  (100)  and  (lll)B 
GaAs  substrates  were  investigated.  In  case  of  the  low  values  of 
iodine  transport  rate,  a  remarkable  increase  in  growth  rate  on  both 
the  substrate  planes  was  found.  These  phenomena  will  be  attributed 
to  the  generation  of  more  volatile  reactive  materials  including  zinc 
iodide.  At  the  same  time,  the  change  in  the  limiting  factor  of  the 
ZnSe  growth  mechanism  from  surface  reaction  process  to  the 
thermodynamical  equilibrium  one  will  be  suggested.  Similar  iodine- 
doping  effects  on  ZnS  epilayers  on  GaP  were  also  obtained. 

The  influences  of  the  substrate  materials  upon  the  growth  rate  of 
the  ZnS  layers  were  also  studied.  The  growth  rates  of  the  layers  on 
GaP  and  GaAs  were  found  to  be  strongly  influenced  by  the  Ga  auto¬ 
doping.  These  phenomena  *  were  ascertained  by  the  experimental  fact 
that  the  growth  rate  on  (lll)A  decreased  and  that  on  (lll)B  increased 
by  the  addition  of  Ga  atoms  to  the  reactant  vapor.  These  Ga-doping 
effects  showed  nearly  the  same  behaviors  with  those  of  In-doping  for 
the  growth  of  ZnS. 
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1  .  Introduction 

ZnSj^Se-j  which  is  a  promising  material  for  blue  light 
emitting  devices,  can  be  lattice-matched  with  a  GaAs  substrate 
but  has  large  mismatch  in  thermal  expansion  coefficient- 
Therefore  the  lattice-matching  compositions  were  0.06  at  room 
temperature  (x^^)  and  0.08  at  growth  temperature  (340®C)(Xg^).  In 
this  study,  MBE-ZnSj^Se-|  (x=0-'0.13)  on  GaAs(IOO)  subsrates  were 
evaluated  in  order  to  determine  the  optimum  lattice-matching 
composition.  Also,  the  photon  energies  which  were  effective  in 
the  photo-assisted  MBE  growth  were  investigated. 

2.  Results  and  Discussion 

The  observation  of  the  surface  morphology  by  Nomarski 
microscope  revealed  that  the  extremely  smooth  surface  was 
obtained  at  the  latt^e-matching  composition  Xg^.  The  half  width 
(FWHM)  of  X-ray  rocking  curve  took  a  minimum  at  the  composition 
Xg^  in  spite  of  the  thermal  strain  (two  dimensional  tensile 
strain) . 

The  fluorescence  microscopic  study  on  the  (110)  cleavage 
plane  of  the  epilayers  were  performed  at  room  temperature.  The 
epilayers  with  the  composition  from  x^^  to  Xg^  had  the  uniform 
violet  luminescence  over  the  thickness,  while  the  epilayers  with 
other  compositions  had  orange  emissions  just  at  the  epilayer- 
substrate  interface.  The  origins  of  these  orange  emissions  were 

tentatively  ascribed  to  the  SA  centers  assosiated  with  diffused 

0 

Ga  from  the  GaAs  substrates.  The  Ga  diffusion  is  considered  to  be 
enhanced  by  the  lattice  mismatch. 

Considering  the  above  results,  the  epilayers  with  the 
lattice-matching  composition  at  growth  temperature  have  the 
highest  crystallinity  despite  the  thermal  strain  due  to  the  large 
difference  of  thermal  expansion  coefficient. 

In  the  photo-assisted  MBE  growth,  a  Hg-Xe  lamp  was  used  as 
an  irradiation  source  and  the  photon  energies  were  selected  by 
low-pass  filters. 

The  increase  in  the  free  exciton  emission  intensities  in 
photoluminescence  was  observed  and  the  surface  morphologies 
roughened  slightly  when  the  irradiated  photon  energies  were 
larger  than  the  band  gap  of  the  epilayers.  It  is  considered  that 
the  photon  absorption  or  electron-hole  pair  generation  in  the 
growing  surface  play  an  important  role  in  the  MBE  growth  of 
ZnSSe. 
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1.  Introduction 

The  heterojunction  formation  using  CuGaAlSa  and  ZnS 

interesting  approach  for  obtaining  optoelectronic  devices  in  the  short 
wavelength  region  of  the  visible  spectrum.  This  research  concerns  with 
vapor  phase  epitaxy  (VPE)  of  CuGaSs  using  metal  chlorides  and  Ha  S.  and 
with  conductivity  control  of  VPE  ZnS. 

2.  Results  and  Discussion 

The  vapors  of  metal  chlorides  controlled  by  respective  source 

temperatures  were  transported  together  by  carrier  gas  Ar  to  the  reaction 
zone  in  a  furnace,  and  then  mixed  with  the  gas  stream  of  HaSt.Ar.  X-ray 
diffraction  studies  showed  that  the  epitaxial  growth  of  single 
with  chalcopyrite  c-axis  normal  to  the  substrate  GaAs(lOO)  face  can  occur 
in  spite  of  a  large  difference  in  the  layer  and  substrate  lattice 

constants.  In  the  case  of  ZnS/GaAs  substrates,  the  growth  with  c  axis 
parallel  to  the  substrate  (100)  face  was  dominant.  Studies  on  X  ray 

diffractions,  Raman  scattering,  photoluminescence  and  atomic  composition  by 
EPMA  indicated  the  necessity  of  further  efforts  for  improvements  in  layer 
uniformity  which  is  possibly  related  to  local  off-stoichiometry. 

The  low  resistivity  p-type  conduction  has  been  observed  for  the  first 
time  in  VPE  ZnS  layers  on  GaAs  grown  from  a  ZnS  powder  source  using  an  open 
tube  system  unde'r  simultaneously  NHs  and  Zn  added  condition.  The  p-type 
behavior  -of  the  layer  has  revealed  either  by  the  sign  of  Seebeck  voltage,  a 
Hall-effect  measurement,  or  I-V  characteristic  between  the  layer  and 
substrate.  Crystallographic  and  optical  studies  provided  the  confirmation 
that  the  p-layer  grown  is  really  composed  of  nearly  stoichiometric  ZnS. 
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1 , Introduction 

MBE  and  MOCVD  epitaxial  growth  techniques  have  been  studied  for  Cadmium 
Mercury  Telluride  (CMT  :  Cdj^Hg‘j_j^Te)  films,  for  the  purpose  of  applying  them 
to  high-speed  electronics. 

2. Results  and  Discussion 

(1) MOCVD  of  HgTe 

Based  on  the  atmospheric  pressure  MOCVD  techni que^usi  ng  novel  metal- 
organic  gas,  DTBT,  we  have  set  up  a  low-pressure  MOCVD  system.  The  system  has 
a  small  loading  mechanism.  Air-operated  valves  controlled  by  personal  computer 
are  connected  for  the  purpose  of  quick  change  of  source  gases.  Sufficient 
amount  of  mercury  gas  has  successfully  introduced  into  the  chamber  by  heating 
its  specially  designed  gas  controlling  system  to  about  300°C.  Epitaxial  growth 
experiment  has  been  started  recently. 

(2) Prel i minary  Experiment  of  MBE  growth  of  HgTe 

Conventional  MBE  growth  of  HgTe  needs  more  than  lOOg  of  metallic  mercury 
for  each  run.  This  causes  results  in  inferior  film  quality.  We  have  thus 
carried  out,  this  year,  a  preliminary  experiment  to  reduce  the  mercury  gas 
flow  rate  by  activating  metallic  mercury. 

Specially  designed  ion  source  having  hot  tungsten  cathode  and  coaxial 
magnets  is  attached  to  the  simple  evacuation  chamber.  The  discharging  current 
as  high  as  several  hundreds  mA  at  voltage  less  than  lOOV  has  been  obtained  at 
pressure  of  about  10’'^  Torr.  HgTe  films  have  been  deposited  by  evaporating  Te 
atoms  near  the  substrate.  It  was  found  that  activation  of  Hg  by  plasma  is  very 
effective  for  introducing  Hg  atoms  in  the  film. 

(3) CdTe/InSb  Hetero  MIS  Transistor 

Good  interface  properties  of  MBE  grown  CdTe/InSb  structure  had  been 
evaluated  by  C-V  method  last  year.  The  detailed  process  technology  has  been 
studied,  this  year,  for  fabricating  MIS-type  field-effect  transistor  having 
CdTe/InSb  structure  operating  at  liquid  nitrogen  temperature.  The  device 
structure  has  been  fabricated,  but  the  device  shows  only  a  small  drain 
current  change.  Origin  of  the  unexpected  results  is  now  under  investigation. 
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1. Introduction 

The  control  of  the  non-equilibrium  processes  are  required  for  the 
crystal  growth  from  the  gas-phase  on  the  substrate  kept  at  low  temperature 
as  far  as  possible.  Primary  aim  of  this  study  is  to  develop  a  novel 
preparation  technique  for  the  ll-VI  compound  thin  films,  e,g.,^ZnSe  or  ZnTe, 
on  GaAs(lOO)  with  the  ability  to  make  their  thin  films  on  the  substrate  at 
low  temperature  from  organometallic  compounds  such  as  diethyl  zinc 
(DEZn),  diethyl  selenium(DE5e)  and  diethyl  tellunumfDETe),  under  the 
control  of  the  reactive  plasma  and  the  flow  of  atomnc  hydrogens. 


2.  Results  and  Discussion 

High  quality  ZnSe  thin  film  was  epitaxially  grown  on  the  GaAs(lOO) 
substrate  at  about  200  °C  with  this  novel  technique  using  atomic  hydrogens 
wnlch  are  effective  for  either  the  decomposition  of  DEZn  and  DETe  or  for 
cleaning  the  surface.  Resulting  from  the  kinetic  analysis,  we  proposed  a 
mechanism  based  on  the  quasi-chemical  equilibrium  consisting  of  two 
processes,  e.g,,  the  equilibrium  between  adsorption  and  desorption  and  the 
reaction  for  production  of  compound  (Zn5e,  or  ZnTe)  on  the  substrate.  The 
negative  activation  energy  found  in  the  deposition  of  both  ZnSe  and  ZnTe 
gives  a  support  to  this  idea.  A  coherent  growth  was  observed  on  GaAs(  1 00) 
substrate  of  over  1  pm  thick  for  ZnSe  and  not  for  ZnTe  depending  on  the 
amount  of  the  lattice  miss-match  by  virture  of  the  lower  substrate 
temperature.  The  blue  emission  attributed  to  the  recombination  of  the  free 
excitons  was  observed  in  the  ZnSe.  Doping  feasibility  was  successfully 
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1 .  1 ntroduct i on 

This  report  describes  the  in-situ  gas  analyses  using  the  quadrupole 
mass  spectrometer  and  ultraviolet  spectrometer  during  the  ZnTe 
epitaxial  growth  by  low-pressure  MOCVD  method.  Here  the  pyrolysis 
properties  of  source  materials  (DETe  and  DMZn)  are  investigated  as  a 
function  of  stage  temperature  or  pressure  in  the  chamber  when  He  or 
He  was  used  as  a  carrier  gas. 

2.  Results  and  Discussion 

The  gas  sampling  and  anlysis  using  the  mass  spectrometer  was 
carried  out.  The  results  are  surmmerized  as  follows; 

(1)  The  pyrolyses  in  DMZn  and  DETe  begin  around  350T:  and  around  400'C 
for  He  carrier  gas,  respectively.  On  the  other  hand,  for  He  carrier 
gas  the  temperature  at  which  the  pyrolyses  in  these  materials  begin 
is  higher  by  about  50X:  than  that  for  He  carrier  gas.  Hence,  it  is 
considered  that  DETe  is  more  stable  than  DMZn,  and  He  plays  an 
important  role  in  the  pyrolysis. 

(2)  The  reaction  products  are  identified  and  it  is  found  that  these 
gas  densities  decrease  in  the  following  order:  CH^iCe He >>€3 Hs ,€4 H, 0 
in  the  case  of  He  and  CH4  ,  C3  He  »C4  H ,  0  in  the  case  of  He. 

Next,  the  measurement  of  DETe  absorbance  was  carried  out  and  its 
pyrolysis  property  was  analyzed  using  the  simple  model. 

(3)  The  activation  energy  can  be  estimated  around  33  kcal/mol.  This 
value  is  near  the  activation  energy  estimated  from  the  relation 
between  the  growth  rate  and  substrate  temperature. 

(4)  The  model  used  here  explains  well  the  experimental  results  such 
as  the  pressure  dependences  of  absorbance  and  growth  rate. 


An  Investigation  of  Crystal  Growth  by  Molecular  Beam  Epitaxy  of  II-VI 
Compound  Semiconductors  and  Its  Mechanism 

Susumu  Maruyama,  Yoh  Mita  and  Shinichiro  Ishibashi 

Tokyo  Engineering  University,  I404-I  Katakura,  Hachioji,  Tokyo  192 

1.  Introduction 

Zinc  selenide  (ZnSe) ,  one  of  the  II-VI  compound  semiconductors,  is  a  promising 
material  for  blue-light  emitting  devices.  Crystal  growth  of  ZnSe  by  the  molecular 
beam  epitaxy  (MBE)  method  was  performed  using  (100)  GaAs  substrates.  The  evaluation 
of  epitaxial  layers  with  different  thicknesses  has  been  made  by  the  double-crystal 
X-ray  diffraction  technique, 

2.  Results  and  Discussion 

After  substrates  were  heat-treated  at  600 °C  for  20  minutes  laider  ultra-high 
vacuum,  epitaxial  ZnSe  layers  with  different  thicknesses  were  grown  at  330 °C. 

The  layer  thickness  was  varied  by  changing  molecular  beam  flux  and  deposition  time. 
The  crystalline  quality  of  these  layers  was  evaluated  by  measuring  rocking  curves, 
layer  curvatures  and  lattice  spacing. 

The  full  width  at  the  half  maximum  (FV?HM)  of  the  (400)  Bragg  peak  was  about  90" 
for  very  thick  (^6.4/im)  layers.  This  is  a  fact  indicative  of  a  high  crystalline 
quality.  The  FWHM  increases  with  decreasing  the  thickness  and  becomes  a  maximum  at 
a  thic)cness  of  1-1.5 /im.  The  maximum  value  was  about  270".  As  the  thickness 
decreases  further,  the  FWHM  decreases  again  and  amounts  to  less  than  100"  at  a 
thickness  not  more  than  0.2  ^m.  The  FWHM  depends  also,  to  a  great  degree,  on  the 
curvature  of  epitaxial  layers,  that  is,  layers  with  lower  FWHM  values  are  convexly 
bent  to  the  growth  direction  remarkably,  but  those  with  larger  values  only  a  little. 
It  is  suggested  that  the  high  crystalline  quality  has  been  obtained  by  the  lattice 
match  due  to  the  layer  bending.  The  difference  of  the  (400)  Bragg  angle  between 
GaAs  and  ZnSe  increases  abruptly  at  a  thickness  less  than  0.2  A«m,  indicating  that 
the  lattice  spacing  of  ZnSe  along  the  growth  direction  is  extended,  but  the  spacing 
in  the  interface  plane  matches  that  of  GaAs.  This  result  is  consistent  with  the 
results  for  the  FWHM  and  curvature. 

The  high  crystalline  quality  of  thin  ZnSe  layers  was  confirmed  also  with  the 
observation  of  photoluminescence  spectra. 
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1.  Introduction 

A  ternary  chalcopyrite-type  compound  semiconductor  AgGaS2  is  expected 
as  one  of  the  new  candidate  materials  for  blue  emitting  diode  and  non¬ 
linear  optics.  The  purpose  of  the  present  study  is  to  grow  high-quality 
large  single  crystals  and  to  evaluate  the  lattice  defects  of  the  crystal 
for  future  applications . 

2.  Results  and  Discussion 

The  single  crystals  have  been  grown  from  the  melt  by  the  Bridgman 
method  and  from  the  vapor  by  the  iodine  chemical  transport  method.  By 
researching  the  detailed  growth  conditions,  transparent  yellow  single 
crystals  of  10x5x3xl0“9  and  6x5x2xl0"9  m^  were  obtained,  respectively 
as  the  biggest  size  with  good  quality. 

From  photoluminescence (PL)  spectra  at  4 . 2K  of  the  crystals  grown  by 
the  Bridgman  method  and  heat-treated  under  various  sulfur  vapor  pressures 
(PS2)>  the  emissions  increasing  or  decreasing  their  intensities  with 
increasing  PS2»  were  found  and  the  native  lattice  defect  responsible  for 
each  emission  was  discussed.  Clear  band  edge-emissions,  not  reported  so 
far,  were  observed  only  for  the  crystals  heat-treated  under  low  PS2(=0,01 
Pa)  and  excitonic  emissions,  so  called  li,  I2  ^.nd  E^  lines,  were  assigned. 
In  the  spectra,  three  weak  emission  lines(2.708,  2.715,  2,720eV),  probably 
due  to  the  excited  state (n=2)  of  free  and  bound  excitonic  emissions , were 
found  newly  in  the  energy  region  higher  than  the  energy  of  free  excitonic 
line(Ex=2. 699eV) .  Emission  intensities  as  a  function  of  the  temperature 
were  also  measured  and  blue  emission  was  observed  even  at  room  temperature. 
Same  PL  behaviors  were  found  for  the  crystals  grown  by  chemical  transport 
using  iodine  less  than  2xl0’'^g/m^. 

It  was  found  that  the  dark  conductivities  for  the  above  two  kinds  of 
crystals  are  extremely  low  of  the  order  of  10  ^vlO  ^^(S7*cm)  ^  and  the 
dominant  shallow  levels (0 . lOeV) ,  probably  related  with  intrinsic  defects, 
are  highly  compensated  with  the  deep  levels (0 . 7^0 . 8eV) . 
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1.  Introduction 

It  is  very  important  to  make  clear  various  characteristics  of  II-VI  compound 
semiconductors  in  order  to  control  them  for  various  electronic  and  optoelectronic 
devices.  Especially  micro— defects  in  crystal  and  effects  of  stress  in  hetero- 
structures  are  needed  to  be  made  clear .  We  are  studying  characterization  of  some 
properties  of  II-VI  materials  relating  to  stoichiometric  composition  and  stress  with 
laser  Raman  spectroscopy. 

2.  Results  and  Discussion 

At  first  we  studied  the  relation  between  TO  phonon  intensity  and  VI/II  ratio  for 

ZnSe  grown  by  MOVPE.  TO  phonon  is  a  forbidden  mode  for  (100)  ZnSe  and  a  measure  of 

incompleteness  of  crystal  structure.  TO  phonon  intensity  increased  with  decrease  in 

VI/II  ratio  when  VI/II  ratio  was  smaller  than  10.  It  means  that  completeness  in 

crystal  structure  is  low  when  VI/II  ratio  is  small. 

The  relation  between  LO  phonon  frequency  of  ZnSe-like  mode  and  composition  x  in 

ZnS  Se,  was  studied  in  order  to  make  clear  the  effects  of  stress.  The  results  were 
X  1-x 

similar  to  those  reported  before. 

Local  modes  due  to  carbon  in  ZnSe  were  also  studied.  At  first  frequencies  of  the 
local  modes  were  calculated  based  on  a  simple  linear  chain  model.  The  frequency  due  to 
C  in  Se  sites  was  about  404  cm  ^  and  that  due  to  C  in  Zn  sites  was  about  401  cm  • 
Some  peaks  were  observed  in  Raman  spectra  from  ZnSe  in  a  region  320-480cm  .  However 

it  is  possible  that  some  other  modes  are  included  in  the  region.  Therefore  it  is 
necessary  to  study  Raman  spectra  from  ZnSe  doped  with  carbon  at  different 
concentrations . 
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1.  Introduction 

During  the  last  few  years. a  number  of  attempts  have  been  made  to  incorporate  shallow  donors 
and  acceptors  in  ZnSe  and  ZnS  to  achieve  p-n  junction.  Therefore,  the  indentification  of  defects 
associated  with  excitonic  lines  and  edge-emission  bands. as  well  as  those  observed  in  other  II-VI 
compounds. is  a  very  important  subject  in  the  characterization  of  ZnSe  and  ZnS  epitaxial  films. 
However. there  has  been  very  little  information  available  on  the  principal  bound-exciton  (BE) 
lines  and  edge-emission  bands  in  ZnS  by  which  extrinsic  shallow  impurities  and  native  defects  can 

be  characterized,  in  comparison  with  those  of  ZnSe. 

In  order  to  understand  basic  optical  properties  of  acceptor  Na  impurity. we  describe 
photoluminescence  (PL)  properties  of  Na  doped  ZnSe  and  ZnS  films  grown  on  (100)  GaAs  substrates 
by  a  low-pressure  MOCVD  method. 


2.  Results  and  Discussion 

A  doublet  structure  observed  in  the  neutral -Na-acceptor  bound-exciton  (Ii"*)  emission  line  has 
been  investigated  by  the  temperature-dependence  of  photoluminescence  spectra.  Two-hole 
transitions  appeared  under  the  below-bandgap  excitation;  the  ionization  energy  of  the  Is  Na 
acceptor  is  estimated' to  be  102  meV  using  acceptor  central-cell  corrections.  Dependence  of 
spectral  feature  of  the  line  and  of  related  donor-acceptor  pair  bands  on  thermal  diffusion 
conditions  was  found.  It  is  cofirmed  from  the  presence  of  a  strong  I."*  line  that  Na  was 
incorporated  into  a  ZnSe  layer  grown  on  GaAs  substrate  at  300  °C  by  low-pressure  metalorganic 
chemical-vapour-deposition  (MOCVD) . 

Electrical  and  photoluminescence  studies  were  performed  for  ZnS  hetero-epitaxial  films  doped 
with  I  donor  and  Na  acceptor  impurities  using  MOCVD  method  at  about  300  TZ.  The  ZnS:I  film 
obtained  on  a  (100)  GaAs  substrate  exhibits  typically  n-type  conduction  and  has  extremely 
low-resistivity  of  2xl0'^Qcm  at  room  temperature.  The  4.2  K  PL  spectrua  of  the  n-type  layers  is 
mainly  dominated  by  a  strong  donor-acceptor  pair  band  at  about  3.5  eV.  On  the  other  hand,  a 
neutral -acceptor  Na  bound-exciton  line  at  3.781  eV  and  Na-related  free-to-bound  acceptor 
transition  (Kz  band)  at  about  3.68  eV  appear  in  the  intentionally-Na-doped  films.  It  has  been 
shown  that  Na  was  incorporated  in  ZnS  layers  as  it  can  offer  the  shallow  acceptor  whose 
ionization  energy  is  estimated  to  be  about  160  meV. 
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1.  Introduction 

It  is  well  known  that  optical  spectroscopic  techniques  are  useful  for  charac¬ 
terization  of  defects  involved  in  semiconductor  materials.  We  have  performed 
the  characterization  of  compound  semicondcutors  by  using  such  techniques,  in 
particular  luminescence  spectroscopy  in  the  recent  few  years.  In  this  work 
we  have  studied  the  interface  stress  and  defects  at  OMVPE-grown  ZnS^Se^_^/GaAs 
heterostructures  using  the  Cr-related  luminescence  at  GaAs  substrate  and  also 
using  the  near-band- edge  luminescence  of  the  epitaxial  layers. 

2.  Results  and  Discussion 

We  have  systematically  investigated  the  interface  stress  at  ZnS^Se^_^/GaAs 
heterostructures  in  the  S  composition  of  0  -  O.IA  %,  which  were  grown  on  GaAs 
substrate  by  organometallic  vapor  phase  epitaxy.  As  a  result  of  the  interface 
stress  characterization  by  Cr-related  luminescence  measurements  on  GaAs  at  4.2 
K,  we  have  found  that  the  interface  stress  at  these  ZnS^Se^^^/GaAs  hetero- 
structures  is  biaxial  compressive  stress  to  GaAs  substrate  in  all  S  composition 
range,  in  spite  of  the  fact  that  the  interface  stress  changes  tensile  to  comp¬ 
ressive  at  the  S  composition  of  0.06  %  for  lattice  matching  between  2nS^Sej^_^ 
and  GaAs.  This  anomalous  behavior  has  been  explained  by  a  model  that  such 
biaxial  stress  is  due  to  thermal  stress  introduced  during  cooling  down  from 
the  growth  temperature  (773  K)  which  is  caused  by  the  difference  of  the  thermal 
expansion  coefficients  between  ZnS^Se^  ^  and  GaAs.  We  have  also  examined  sub¬ 
strate  orientation  effects  on  the  interface  stress,  and  found  that  the  interface 
stress  is  strongly  relaxed  at  (111)  heterostructure  than  (100)  heterostructure. 
This  is  interpreted  in  terms  of  the  difference  in  the  stress  relaxation  by  the 
introduction  of  misfit  dislocations  at  the  interface,  and  this  model  has  been 
confirmed  by  the  results  of  luminescence  measurements  at  the  near-band-edge  of 

the  ZnS  Se  epitaxial  layers  which  showed  the  low  luminescence  intensity  in 
x  1-x 

the  case  of  (111)  ZnS^Se^_^^/GaAs  heterostructures.  This  result  is  also  in 
agreement  with  the  observation  of  the  surface  morphology  on  the 
epitaxial  layers. 
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1.  Introduction 

jj-VI  compound  semiconductors  posses  potential  importance 
in  application  to  opto-electronic  devices  because  of  their  wide 
variety  of  fundamental  energy  gap.  Deep  impurity  levels  induced 
by  transition  atom  impurities  are  promising  candidates  to  real¬ 
ize,  e.g.,  a  blue-color  light-emltting-diode .  From  the  theoreti¬ 
cal  point  of  view,  the  lack  of  reliable  electronic  structure 
calculations  impedes  proper  Interpretation  and  prediction  of  the 
optical  spectra.  Thus,  first  principles  reliable  calculations 
are  required  to  predict  the  variety  of  physical  phenomena  in¬ 
herent  in  impurities  in  II-VI  semiconductors. 

2.  Results  and  Discussion 

(1).  A  unified  picture  of  the  electronic  structure  of  Cr 
impurities  in  ZnS  is  presented  on  the  basis  of  the  first- 
principles  spin-polarized  Green's  function  calculations.  We 
found  that  Cr(-),  Cr(-^),  and  Cr(+-0  are  stable  near  the  sub¬ 
stitutional  Zn-site  with  Jahn-Teller  lattice  distortion.  The  ob¬ 
tained  results  on  physical  properties  (donor  and  acceptor 
ionization  energy,  hyperfine  coupling  constant,  g  values  and 
Jahn-Teller  distortion)  are  in  good  agreement  with  the  available 


experimental  data, 

(2).  We  proposed  new  calculation  method  using  a  norm- 
conserving  pseudopotential  and  super-cell  method  within  the  lo¬ 
cal  spin-density  functional  formalism.  We  applied  this  method  to 
solve  the  mechanism  of  the  hydrogen  passivation  in  p-type 
silicon,  and  gave  the  unified  physical  picture  to  the  mechanism 
of  hydrogen  passivation. 
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1 .  Introduction 

Rare-earth  doped  alkaline-earth  sulfides  compounds)  are 

promising  materials  for  full-color  thin-film  electroluminescent  (TFEL) 
devices.  They,  however,  tend  to  decompose  thermally  quite  easily,  and 
hence,  lattice  defects  due  to  sulfur  vacancy  are  generated  during 
thin-film  growth.  The  purpose  of  this  study  is  to  establish  thin-film 
growth  method  and  control  lattice  defects  of  the  alkaline-earth 
sulfide  thin  films .  We  investigated  the  growth  behaviour  of  CaS  and 
SrS  thin  films  and  proposed  the  growth  mechanism  of  CaS  and  SrS  thin 
films.  We  also  investigated  EL  excitation  mechanism  of  rare-earth 
doped  CaS  and  SrS  TFEL  devices. 

2.  Results  and  Discussion 

2-1 .  Growth  behaviour  of  evaporated  CaS  and  SrS  thin  films 

The  crystalinity  of  CaS  and  SrS  thin  films  is  improved  with 
substrate  temperatures  higher  than  300° C  and  sulfur  coevaporation.  In 
order  to  investigate  effects  of  the  substrate  temperature  upon 

the  crystalinity  of  CaS  thin  films,  we  measured  XPS  spectra  of  S^p 
core  electrons  in  the  evaporated  CaS  thin  films .  The  experimental 
results  indicate  that  S  atoms  in  the  free  state  decrease  and  those  in 
form  of  CaS  increase  with  increasing  We  can,  therefore,  control 

sulfur  defects  by  increasing  the  substrate  temperature. 

2-2.  Growth  mechanism  of  evaporated  CaS  and  SrS  thin  films 

The  grown  films  show  specific  plane  orientations  and  they  change 
remarkably  with  increasing  substrate  temperature.  To  explain  these 
characteristics,  we  investigated  the  thin-film  growth  mechanism  by 
using  a  theoretical  model  of  nucleation  of  CaS  and  SrS  thin  films. 

The  theoretical  considerations  give  us  the  following;  (1)The  plane 
with  the  lowest  surface  energy  tends  to  grow.  (2)0wing  to  re¬ 
evaporation  of  adsorbed  atoms,  the  planes  with  lower  surface  energy 
become  unstable  with  increasing 

2-3.  EL  excitation  mechanism  of  CaS:Eu  and  SrS:Ce,K  TFEL  devices 
We  investigated  the  EL  excitation  mechanism  experimentally 
and  also  developed  a  theoretical  model. 
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1 ,  Introduction 

The  I-III-VI2  semiconducting  compounds  have  recently  received  consid¬ 
erable  attention  because  of  its  potential  uses.  However,  these  materials 
are  backward  in  research  and  development  compared  with  the  II-VI  compounds, 
especially  in  the  area  of  the  lattice  defects.  This  work  is  a  fundamental 
study  on  the  lattice  defects  in  ternary  semiconductors  centering  around 
the  I-III-VI2  ( I : Cu , Ag ;  III ; In , Ga , A1 ;  VI ; S , Se , Te) compounds . 

2.  Results  and  Discussion 

We  have  made  a  comparison  of  the  carrier  concentration  dependence  of 
Hall  mobility  between  several  CuInSe2  samples  doping  with  various  impurities, 
i.e.  In,  Cd,  Zn  for  n-type  and  Se  for  p-type.  It  was  found  that  the  effect 
of  doping  on  the  lowering  of  mcbility  is  large  in  order  of  In,  Se ,  Cd,  Zn, 
the  tendency  of  which  is  consistent  with  the  effect  on  the  energy  gap. 

We  tried  to  grow  the  epitaxial  films  of  CuGaS2  and  CuGai»xAlxS2  on  GaAs 
substrate  by  the  methods  of  vapor  phase  deposition  and  solution  growth. 

The  photoluminescence ( P . L . )  spectra  of  the  films  obtained  showed  emission 
bands  at  2.4  eV  and  2.8  eV  at  liquid  nitrogen  temperature  and  2.3  eV  at 
room  temperature,  though  the  grown  films  were  likely  Ga2S3. 

We  have  studied  on  the  phase  diagram,  optical  absorption  and  P.L.  spectra 
and  electrical  properties  of  CuGa  (S]^«j^Sex)  2  system  for  x  >  0.1,  It  was 
found  that  both  the  P . L . intensity  and  the  electrical  resistivity  increase 
by  an  annealing  in  vacuum  and  decrease  by  the  succeeding  annealing  in  S 
or  Se  vapor.  The  following  annealing  in  vacuum  again  increases  the  P.L. 
intensity  and  the  resistivity  for  the  S-treated  samples  but  not  for  the 
Se-treated  samples. 

The  Hall  mobility  of  the  CuGa  (Sj^^x^ex)  2  system  shows  a  maximum  at 
x=0.5  in  the  compositional  dependence,  in  contrast  to  the  tendency  expected 
from  the  alloy  scatterng  theory . 

We  have  studied  on  the  optical  properties  of  CdxInGaS3+x  system  and 
found  materials  exhibiting  blue,  green,  orange  and  red  P.L.,  depending 
on  the  composition  x  and  the  method  of  preparation . 
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1.  Introduction  ttttvt 

There  is  a  growing  interest  in  chalcopyrite  type 
semiconductors  as  materials  for  optoelectronic  devices  with  new 
functionality.  However,  number  of  problems  are  to  be  solved  to  provide 
them  for  practical  use:  e.g  impurities  and  defects.  _ 

Transition  atom  Impurities  have  been  known  to  introduce  serious 


theoretical  view  points  on  opL^oai.  - - 

the  ternary  semiconductors  in  order  to  get  some  perspective  to  control 
optical  properties  by  using  transition  atoms. 

Single  crystals  of  undoped  CuGaS,  and  CUAIS2  were  grown  by  the 
chemical  vapor  transport  technique.  Chemical  analysis  of  these 
crystals  revealed  that  trace  iron  impurities  amount  to  the  order  of 
100  ppm  in  these  crystals,  which  result  in  coloration  in  greenl_CuGaS2 ; 
and  blue(CuAlS,)  due  to  the  existence  of  strong  photoionization 
transitions  associated  with  iron  impurities.  These  crystals  show  sharp 
photoluminescence  line  in  the  infrared  region,  i.e.  0.61  eV  in  CuGaS, 
and  0.72  eV  in  CuAlS,.  These  PL  lines  (hereafter  referred  tg  as  IhPL} 
have  b?en  assigned  to  the  ligand-field  transition  in  the  3d  manifold 
of  Fe^^  ion.  To  get  further  information  on  the  PL  characteristics  we 
measured  excitation  spectra,  decay  characteristics,  and  alloying 
effect  of  IRPL. 

2,  Results  and  Discussions 

(1) Excitation  Spectra  of  IRPL 

The  excitation  spectra  of  the  IRPL  in  both  crystals  showed 
defined  threshold  at  the  same  energy  position  as  the  threshold  of 
photoionization  absorption  bands  in  Fe-doped  crystals.  However,  the 
shapes  of  the  excitation  spectra  were  much  different  from  that  or 
absorption  spectra.  Absorption  spectra  show  two  distinct  Pf^ks  at  l.z 
and  1.8  eV  in  CuGaS^  with  1.2  eV  peak  dominating ,  while  the  PL 
excitation  occurs  much  more  efficiently  at  1.2  eV  than  at  1-8 
similar  situation  is  also  observed  in  CuAlS2-  It  is  concluded  from 
these  experiments  that  the  lower  energy  peak  in  the  photoionization 
absorption  spectrum  is  associated  with  the  deep  level  of  3d  nature  and 
the  higher  one  of  the  dangling-bond  hybrid  nature. 

(2) Decay  Characteristics  of  IRPL  ^  on  tr  _ _ 

Time-decay  characteristic  of  the  IRPL  was  measured  at  20  K  using 
a  pulsed  xenon  lamp  and  a  boxcar  integrator.  The  decay  time  was  1  ms 
and  0.63  ms  for  CuGaS^  and  CuAlSo,  respectively.  This  fact  suggests  a 
possibility  of  application  oT  CuGaS2:Fe  to  a  solid  state  laser 
material. 

(3) IRPL  in  CuAl  Ga,  $2  Alloy  ,  .  j  r. 

Since  the  infrared  PL  is  associated  with  a  localized  Fe  center  it 
should  show  influence  of  local  atomic  arrangement  surrounding  the  Fe 
ion.  We,  therefore,  measured  PL  spectra  in  _  CuAl^^Ga^.^S? 
spectrum  of  the  alloy  is  not  a  sharp  line  as  in  the  extreme 
composition  but  a  broad  band  with  fine  structures.  The  spectrum  was 
decomposed  into  five  lines,  each  of  which  is  associated  with  either  of 
five  possible  atomic  arangements,  assuming  that  the  iron  impurity 
subsitutes  the  A1  or  Ga  site.  On  the  other  hand,  if  the  iron  impurity 
substituted  the  Cu-site  the  PL  structure  would  have  nine  peaks  instead 
of  the  five  peaks.  It  is  thus  determined  Fe  substitutes  group  III  site 
in  CuAljjGa2.xS2  alloys. 
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1 .  Introduction 

The  semiconductors  are  compound  crystals  formed 

between  alkaline-earth  metals  (Mg,  Ca ,  Sr,  Ba )  and  chalcogenes  (O, 
S,  Se,  Te ) .  These  crystals  have  been  known  as  useful  phosphors  and 
thermionic  semiconductors ,  and  more  recently  as  high  efficiency 
color  CRT  phosphors  and  multicolor  EL  films.  The  aim  of  this 
research  plan  is  to  provide  fundamental  knowledge  on  electronic 
properties  and  luminescence  processes  in  typical  Il^-VIg  binary 
compound  semiconductors ,  The  emphasis  of  the  study  in  this  year 
was  placed  upon  the  following  subjects;  (1)  preparation  of  well 
qualified  single  crystals  of  CaS,  SrS,  and  related  compounds , 
either  undoped  or  doped  with  specific  impurities,  by  means  of  a 
f loa t i ng-me 1 t - zone  method  developed  before  by  this  group,  (2) 
systematic  measurements  of  optical  spectra,  such  as  absorption, 
luminescence,  and  photoconductivity,  on  these  crystals. 

2.  Results  and  Discussions 

The  major  results  obtained  in  the  period  from  April  1988  till 
now  are  summarized  as  follows. 

[ 1 ]  The  nominally  pure  crystals  of  CaS  and  SrS  are  transparent  in 
the  visible  region,  but  are  colored  after  a  heat  treatment  in  the 
vapor  of  component  metals,  such  as  Ca  for  CaS  or  Sr  for  SrS,  at 
about  1800K.  From  the  absorption  and  luminescence  spectra,  it  has 
been  concluded  that  the  coloration  is  due  to  the  formation  of 
color  centers,  that  is,  cation  vacancies  which  trap  either  two 
electrons  (the  F  center)  or  one  electron  (the  F'  center).  The 
visible  absorption  bands  are  predominantly  due  to  the  F  center, 
where  as  the  luminescence  bands  at  about  1.5  eV  in  both  CaS  and 
SrS  are  due  to  the  transitions  in  the  F*  center.  A  mechanical 
deformation  of  crystal  gives  rise  to  a  conversion  of  the  F  centers 
to  the  F*  centers. 

[2]  The  characteristic  broad  luminescence  bands  are  induced  by 
doping  of  isoelectronic  impurities,  such  as  Se  or  Ba,  in  CaS  and 
SrS.  It  has  been  suggested  that  photo-generated  excitons  are 
effectively  localized  at  these  impurities  by  the  combined  effect 
of  exciton-lattice  interaction  and  the  short-range  impurity 
potential,  although  these  excitons  are  free  from  the  localization 
in  the  pure  crystals. 
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1.  Introduct ion 

The  objective  of  present  research  is  the  growth  of  bulk  and  thin- 
filn.  semimagnetic  semiconductors  and  their  characterization  for  new 
magneto-opto-electronic  applications.  Semimagnetic  semiconductor  is  a 
mixed  11-Vl  compound  semiconductor  containing  Mn  or  Fe  ions  in  cation 
sites,  which  shows  remarkably  enhanced  magneto-optical  properties. 

We  develop  "hot  wall  epitaxy  (HWE) "  method  for-  the  growth  of 
thin  films  and  supe r lat t i ce s  of  Cdi_^Mn^Te.  HWE  is  expected  to  realize 
high  quality  epitaxial  films  of  semimagnetic  semiconductors.  Obtained 
specimens  are  investigated  by  picosecond  luminescence  spectroscopy  and 
Raman  scattering.  Study  is  made  on  both  basic  properties  and 
application  of  these  semimagnetic  semiconductors. 

2.  Results  and  Discussion 

1)  Time  characteristics  of  the  exclton  luminescence  has  been 
investigated  by  picosecond  time  resolved  spectroscopy.  Extremely  fast 
time  variation  is  observed  in  the  early  stage  of  the  exciton 
luminescence  of  Cdi_^Mn^Te  wi th  x=0.  1-0.  3.  which  is  found  as  an 
evidence  of  the  magnetic  polaron  formation  due  to  the  exchange 

interaction  of  the  excitons  with  the  Mn  ions. 

2)  A  Faraday  rotator  operating  in  red  light  region  at  room 
temperature  has  been  fabricated  using  Odj.^Mn^Te  of  x=0. 38.  By 
varying  the  Mn  concentration,  it  is  possible  to  produce  the  Faraday 
rotator  or  the  optical  isolator  in  wide  visible  light  region.  which 
will  be  useful  in  coming  optics  communication  and  high-density 

optical  recording  by  visible  laser  diodes. 

3)  HWE  has  been  developed  using  the  newly  designed  HWE  furnace. 
Thin  films  of  CdTe  have  been  successfully  grown,  which  exhibit  high 
yield  exciton  luminescence.  Epitaxial  growth  of  Cd^.^Mn^Te  is  under 
progress. 
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1 .  Introduction 

Systematic  studies  on  the  growth  of  high-quality  crystals  and  their  luminescent  properties 
are  indispensable  for  the  development  of  opto-electronic  devices  using  ll-Vl  compounds.  In 
this  respect  we  purpose 

1)  photo-assisted  MBE  growth  of  ZnSe  to  control  native  defects  inherent  in  ll-Vl  compounds 
and  to  obtain  high-quality  crystals,  and 

2)  pico-  and  femtosecond  spectroscopy  to  study  nonlinear  relaxation  processes  of  electron- 
hole  system  in  ll-Vi’s. 

2.  Results  and  Discussion 

1)  ZnSe  thin  films  were  grown  under  the  irradiation  of  UV  light  from  a  He-Cd  laser  at  325nm 
(  3.81  eV ).  RHEED  pattern  during  the  growth,  surface  morphology  after  the  growth,  and 
photoluminescence  properties  at  4K  lead  to  the  facts  that  the  UV  light  irradiation  enhances  the 
migration  of  atoms  and/or  molecules  on  the  epilayer  surface,  resulting  in  the  increase  of  the 
growth  rate.  This  result  can  be  ascribed  to  either  or  both  of  the  following  two  mechanisms; 
dissociation  of  selenium  molecules  caused  by  the  UV  light  results  in  the  increase  of  the 
effective  density  of  selenium  atoms  in  the  vicinity  of  the  epilayer  surface.  And  also  the 
interaction  of  impinging  atoms  (  molecules )  with  the  surface  atoms  on  the  epilayer  which  are 
in  the  excited  state  should  differ  from  what  occurs  during  conventional  gro\Arth.  Further 
experiments  in  which  these  two  mechanisms  affect  separately  to  the  growth  are  necessary  to 
clarify  the  photo-irradiation  effects  in  detail. 

2)  The  occurrence  of  higher-order  Fourier  components  in  an  originally  sinusoidal  free-carrier 
index  grating  produced  in  CdS  by  interference  of  two  picosecond  light  pulses  is  demonstrated 
by  monitoring  simultaneously  the  temporal  behavior  of  the  first-  and  second-order  diffraction 
intensity  of  transparent  probe  pulses  for  the  temperature  range  from  10K  up  to  140K. 

Nonlinear  processes  which  take  part  in  the  decay  of  photoexcited  carriers  result  in  a 
deformation  of  the  shape  of  the  grating,  which  leads  to  the  occurrence  of  higher-order  Fourier 
components  in  the  diffraction  grating.  Theoretical  analysis  of  the  experimental  results  yields 
the  following  processes:  bimolecular  recombination  of  electrons  and  holes  for  degenerate 
plasma,  free  carrier-to-exciton  Mott  transition  for  nondegenerate  plasma  at  low  temperatures, 
and  nonlinear  relation  between  exciton  density  and  free  carrier  density  at  high  temperatures. 
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1.  Introduction 

In  the  view  of  seeking  a  possibility  to  apply  the  experimental  knowledge  to 
the  field  of  optoelectronics  especially  in  short  wavelength  region,  we  have  been 
studying  the  basic  properties  of  wide  gap  semiconductors,  the  I  -VII,  II -VI  com¬ 
pounds  materials  such  as  AgCl,  AgBr,  AgClxBri-x,  CdS,  CdSe,  CdxMni-xTe,  CugO  at 
extreme  conditionsas  at  low  temperatures,  intense  magnetic  and  electric  fields 
and  even  at  high  density  excitations. 

2.  Results  and  Discussion  (Preliminary  stages) 

We  have  performed  the  following  experiments; 

1)  Optical  studies  such  as  absorption  and  luminescence  due  to  polarons  and 
excitons  in  AgCl,  AgBr,  AgClxBri^x  particularly  from  the  viewpoint  of  evalu¬ 
ation  of  degi;ees  of  purity  and  imperfection, 

2)  Time-resolved  luminescence  studies  of  AgBr  and  AgClxBn-x  in  the  nano¬ 
second  region  to  clarify  the  relaxation  mechanisms  of  polarons,  excitons  and 
also  excitonic  molecules  down  to  500  mK,  and 

3)  Nonlinear  transport  phenomena  and  population  inversions  of  carriers  in  AgCl 
AgBr,  AgClxBri-x  and  CdS  by  studying  transient  photoconductivity  at  intense 
crossed  electric  and  magnetic  fields.  Similar  studies  also  on  the  II -VI  com¬ 
pounds  have  been  found  to  be  of  considerable  interests. 

As  an  extension  stage  of  this  project,  we  have  refined  to  further  develop  our 
area  to  cover  the  one  for  the  n  -VI  compounds  especially  also  a  new  study 
started  on  CU2O. 
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1.  Introduction 

Exciton  is  an  elementary  excitation  which  is  made  of  coherent  superposition  of 
atomic  excitations  in  solids.  Large  nonlinear  response  to  the  coherent  laser  light 
may  be  naturally  expected  to  come  from  coherent  excitations  of  these  excitons.  The 
exciton  in  an  ideal  crystal  has  a  macroscopic  transition  dipolemoment,  but  it  is  an 
ideal  harmonic  oscillator  so  that  it  cannot  show  any  nonlinearity  in  itself.  On  the 
other  hand,  the  bound  exciton  localized  at  impurities  has  mesoscopic  transition  dipole 
moment  and  can  show  large  optical  nonlinearity.  Therefore  we  try  to  search  for  the 
optimum  condition  to  get  the  large  and  quick  nonlinear  optical  response. 

2.  Results  and  Discussion 

As  the  first  step  toward  the  study  of  the  Anderson  localization  of  the  exciton, 
we  study  the  effects  of  its  precursor  on  the  nonlinear  optical  response.  Polaritons  are 
formed  by  diagonalization  of  the  strongest  exciton-photon  interaction.  One  of  these 
polaritons  suffers  from  multiple  elastic  scatterings  by  impurities.  Here  this  process 
and  its  time  reversal  process  interfere  constructively,  resulting  in  a  weak  localization  of 
the  polariton.  This  is  the  precursor  to  the  Anderson  localization.  On  the  other  hand, 
phase-conjugated  wave  is  time- reversal  propagation  of  the  probe  light  under  optical 
pumping  of  two  colliding  pump  waves.  We  have  just  shown  that  the  generation  of 
the  phase-conjugated  wave  is  very  much  enhanced  by  the  weak  localization  of  the 
polariton  as  long  as  the  inelastic  life  time  of  the  polariton  is  much  longer  than  the 
scattering  time[l,2].  This  result  looks  reasonable  because  two  concepts  come  from  the 
same  time-reversal  symmetry  of  the  system.  We  have  also  discussed  how  to  observe 
this  enhancement. 

As  the  next  step  in  the  future,  we  will  show  how  this  weak  localization  of  the 
polariton  proceeds  to  the  Anderson  localization  and  how  this  localization  enhances 
the  optical  nonlinear  response. 
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K  Introduction 

In  the  field  of  photoluminescence,  energy  transfer  process  from  the  excited- 
center  to  the  emission  center  and  the  effect  on  the  local  crystal  field  to  the 
lurainescenct  center  are  uiell  investigated  in  Oder  to  increase  efficiency 
of  the  luminescence.  However,  as  these  foundamental  phenomena  of  the  electro- 
Iminescence  mere  not  yet  well  understood,  the  mechanism  of  electroluminescence 
mill  be  made  more  clear  through  the  investigations  on  the  energy  trasfer  and 
the  local  crystal  structure  of  the  luminescent  center  in  this  research. 

2.  Results  and  Discussion 

The  ZnS:Tb,F  films  were  prepared  by  rf -sput ter i ng  in  a  mixture  of  60% -Ar 
and  40% -He.  The  crystallinity  and  luminescent  property  were  studied  as  a 
function  of  the  gas  pressure  during  film  growth.  The  experimental  results  have 
shown  that  the  gas  pressure  has  the  strong  effects  on  the  cystallinity  and 
luminescent  property. 

We  have  some  other  results  about  the  luminescence  of  Tb,for  examp les , energy 
transfer  from  ZnS  to  Tb  in  ZnS  :  Tb  phosphor , large  improvement  of  brightness 
at  high  temperature  in  La  PO4  :  Ce,Tb,and  ECR  plasma  MOCVD  method  is  taking 
to  make  more  efficient  films. 

We  have  also  been  made  red-emintting  CaSlEu  thin  films  by  sputtering  • 

The  utilization  of  sputtering  techonolgy  as  a  film  growth  method  is  mainly  due 
to  the  low  temperature  processing.  In  fact  the  films  fabricated  at  the 
substrate  temperature  less  than  300*C  have  luminance  exceeding  300  cd/^m  at 
1  kHz  drive,  the  value  of  which  is  hinger  than  that  in  those  prepared  by 
vacuum  evaporation. 

We  are  proceeding  to  make  several  rare  earth  doped  ZnS,CaS  and  SrS  thin 
film  by  rf -sput ter i ng,  ECR  plasma  MOCVD,  and  EB  methods,  to  investigate 
the  relations  between  photoluminescence  and  crystal  quality  including  local 
imperfections  using  time  resolved  and  fine  spectroscopy , and  to  compaer  the 
photolumi nescent  results  with  electroluminescence  phenomena. 
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Optical  Properties  of  Compound  Semiconductors 
at  High  pressure  and  Low  Temperature 

S.Minomura,  K.Wakamura,  K.Takarabe  and  J.Nakahara 
Okayama  University  of  Science,  Okayama  700  Japan 
*Hokkaido  university,  Department  of  Physics  Sapporo  060,  Japan 


1 . Introduction 

Lattice  and  electronic  properties  of  compound  semiconductors 
(ZnSeS,  CdMnTe,  AlGaN  and  Chalcopyrite)  have  been  studied  by 
measurements  of  X-ray  diffraction,  Raman  scattering,  optical 
absorption,  photoluminescence,  PAS,  DLTS  and  ICTS  a,s  a  function 
of  pressure,  temperature  and  alloy  composition. 


2.  Results  and  Discussions 

2-1  MOCVD  growth  and  characterization  of  ZnSe,  ZnS,  and  ZnSeS, 
compound  semiconductors  of  ZnSe,  ZnS  and  ZnSeS  were  prepared  onto 
GaAs  substrate  heated  at  350  C  by  MOCVD  method.  The  lattice  and 
electronic  properties  were  studies  by  X-ray  diffraction  patterns, 
Raman  spectra,  optical  specter,  PAS,  DLTS  and  ICTS.  It  is  shown 
by  measurements  of  ICTS  emission  signals  in  Schottky  diodes 
(Au/n-ZnSe=In/i-GaAs)as  a  function  of  pressure  that  the  emission 
rate  (en)  decreases  by  a  factor  of  103  with  increasing  pressure 
to  I.SGPa  and  the  deep  level  concentration  (NT)  decrease  by  a 
factor  of  10,  The  activation  energy  decrease  from  0.75eV  to 
0.65eV.  The  capture  cross  section  a  increases  by  a  factor  of  10. 
2-2  The  luminescence  lines  observed  in  single  crystal 
Cd.  Mn^Te  are  assigned  as  (a0,X)  line  and  D-A  pair  emission  by 
the  LpLdence  of  excitation  intensities  and  the  analogy  with  the 


results  in  CdTe. 

2-3  The  Raman  spectra  in  GaN  of  single  crystal  and  thin  films  ^ 
on  sapphire  substrate  are  observed.  In  single  crystal  grown  under 
high  pressures  of  N2  there  is  no  LO  line  but  in  thin  film  it  is 
observed.  It  is  considered  that  this  LO  line  is  enhanced  by  the 


interface  of  GaN  and  sapphire  substrate.  In  mixed  compound  AlGaU 
the  width  of  TO  line  increases  with  increasing  Al  concentration 
by  the  mixing  of  different  bonds.  But  there  is  no  shift  in  energy 
(persistence  type). 
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Crystal  Growth  and  Conductivity  Control 
of  II-VI  Compounds  from  Solution 

Masaharu  AOKI 

Faculty  of  Industrial  Science  and  Technology, 
Science  University  of  Tokyo 
Yamazaki  2641,  Noda,  Chiba  278 


1 .  Introduction 

Zinc  sulfide  and  zinc  selenide  are  promising  materials  for 
solid  state  blue  light  emitting  devices  because  of  their  wide 
band  gap.  To  produce  high  efficient  LED* s  it  is  necessary  to  get 
n  and  p  type  of  high  conductivity.  However  self-compensation 
and/or  residual  impurities  makes  it  difficult  to  control  its 
electric  conductivity  type  by  impurity  doping.  The  object  of  this 
work  is  to  grow  II-VI  compound  crystals  from  solution  in  quasi- 
thermal  equibrium  to  control  conductivity  by  preventing 
generation  of  intrinsic  defects  or  using  high  purity  source 

materials.  When  the  element  of  solvent  is  different  from  the 

chemical  composition  of  the  crystal,  the  atom  will  be  mixed  into 
the  crystal  to  the  solubility  limit  as  impurity.  In  this  work 
chalcogenide  is  selected  as  solvent,  such  as  Sb2Te3  or  Sb2Se3.  It 
has  lower  vapor  pressure  at  growth  temperature  and  higher 

solubility  of  ZnS  or  ZnSe  than  chalcogens.  such  as  Te  or  Se. 

Moreover,  if  an  atom  of  Vth  group  of  element  substitute  the  atom 
of  Vlth  group  of  element  in  the  II-VI  crystal,  it  will  work  as  an 
acceptor  impurity. 


2.  Results  and  Discussions 

ZnSe  is  grown  from  Sb2Te3  ,Sb2Se3  and  ^Sb2Te3)o  g2 
(Sb2Se3)Q  22*  ZnSe  grown  from  Sb2Te3  took  in  atoms  of  solvent  as 
impurities  at  higher  concentration  than  the  other  solvents.  The 
lattice  constant  of  ZnSe  grown  from  Sb2Te3  is  larger  than 
the  source  powder  ZnSe.  The  color  of  the  ZnSe  grown  from  Sb2Te3 
is  orange  and  XMA  shows  the  existense  of  Sb  and  Te  as  impurities 


in  the  crystal.  In  photoluminescence  spectrum  at  4.  2K  of  g r own 
Sb2Te3,  there  is  a  green  emission  band  peaking  at  530nm  which 
originates  in  the  cluster  of  Te  substituted  S. 

ZnS  grown  from  Sb2Te3  has  larger  lattice  constant  than  ZnS 
grown  from  Te  solvent.  However,  it  shows  the  same 
pho to lumines cence  spectrum  at  4.2k  as  ZnS  from  Te.  There  are  no 
signals  from  Sb  or  Te  in  the  crystal  grown  from  Sb2Te3.  so  the 
concentration  fo  Sb  or  Te  is  less  than  0. lmol%  at  the  highest. 


ZnS  grown  from  Sb2Te3  shows  n  type  photoconductivities,  however, 


no  p  type  conductivity  yet. 

The  behavior  of  ZnS  or  ZnSe  grown  from  Sb2Te3  sugest  that  if 
acceptor  impurity  is  added  into  Sb2Te3,  it  will  be  incorporated 


with  grown  crystal  at  higher  density  than  now. 


Control  of  Electrical  Conductivity  of  Wide*Gap 
n  - VI  and  I  -ni-Vl2  Compound  Semiconductors 
Takashi  MATSUMOTO 

Faculty  of  Engineering;,  Yamanashi  University 
Takeda  4 ,  Kof u  400 


1 .  I  ntroduct I  on 

The  purpose  of  this  project  is  to  attain  the  control  of  electrical 
conductivity  of  ZnSe  over  a  wide  range  without  any  cost  of  degradation 
of  the  optical  properties.  This  report  describes  (a)  the  doping  of  In 
as  a  donor  impurity,  (b)  the  doping  of  N  as  an  acceptor  Impurity  and  (c) 
the  characteristics  of  ZnSe/GaAs  heterostructure, 

2,  Results  and  Discussion 

In-doped  ZnSe  layers  were  grown  by  supplying  In  vapor  during  the 
low  pressure  VPE  of  ZnSe.  The  growth  pressure  was  lx  10”^  Torr  and  grown 
layer  thickness  was  3^5  /im.  The  carrier  concentration  increased  with 
increasing  In  cell  temperature  and  was  controlled  In  the  range  of  5x10^^ 
^2x10*^  cm"^.  When  the  In  cell  temperature  was  higher  than  500  'C,  ZnSe 
layers  were  of  high  resistivities  and  deep  level  emissions  appeared  in 
PL  spectra.  A  sample  with  a  carrier  concentration  of  5x10^"  cm”^  had  a 
low  temperature  mobility  as  high  as  8000  cm^/V^s, 

N-doped  ZnSe  layers  showed  residual  donor  bound  exciton  emission 
(lx)  in  addition  to  N  acceptor  bound  exciton  emission  (li).  The 
intensities  of  the  two  lines  were  investigated  as  a  function  of  the 
Vl/ll  ratio  during  the  epitaxial  growth,  and  the  following  results  were 
obtained.  The  origins  of  residual  donors  responsible  for  the  lx  line 
were  lattice  defe^cts  at  the  Se  site  (group  Vi  I  impurities  and/or  $e 
vacancies)  for  low  Vl/ll  ratios  and  lattice  defects  at  the  Zn  site 
(group  IN  impurities)  for  high  Vl/ll  ratios. 

Misfit  strain  in  ZnSe  layers  grown  on  GaAs(lOO)  substrates  were 
measured  in  the  temperature  range  of  80^  800  K  for  layer  thicknesses  of 
0. 2^4,0  urn  by  X-ray  diffraction.  Layers  as  thin  as  0.2  urn  grow 
coherently  on  the  substrate  and  the  coherency  held  even  at  low 
temperatures.  Strain  free  layers  at  room  temperature  including  the  two- 
dimensional  expansive  strain  of  0.03  %  at  80  K,  and  layers  including  the 
two-dimensional  compressive  strain  of  0.03  %  at  room  temperature  became 
strain  free  at  80  K.  The  X-ray  analysis  was  consistent  with  low- 
temperature  optical  reflection  spectra. 

The  ZnSe/GaAs  hetero i nterf ace  was  Investigated  by  C-V  and  DLTS 
technique.  The  carrier  accumulation  and  depletion  regions  were  observed 
at  the  he te ro i nte rf ace .  New  electron  emissions  with  activation  energy  of 
0. 6-^0. 9  eV  were  detected  near  the  hetero  i  nterface. 


Material  Control  of  Widegap 
Serai conduc ting  Corap ounds  by  MOCVD 

Akihiko  YOSHIKAWA 

Faculty  of  Engineering,.  Chiba  University 
1—33,  Yayoi"“cho,  Chiba^shi,  Chiba  260 

1.  Introduction 

Widegap  II-VI  semiconducting  compounds,  such  as  ZnSe,  are 
promising  candidates  for  high  efficiency  blue  light-emitting- 
devices.  However,  se 1 f -c ompensa t i ons  due  to  the  effects  of 
intrinsic  defects  and/or  residual  impurities  make  it  difficult  to 
control  their  material  properties.  The  objective  of  this  work  is 
to  investigate  the  way  to  control  the  properties  of  widegap  II-VI 
compounds,  especially  ZnSe,  by  MOCVD.  In  this  work,  nitrogen—  and 
iodine-doped  ZnSe  films  have  been  grown  by  atmospheric-pressure 
CAP)  and  low-pressure  CLP)  MOCVD,  respectively,  and  the  films 
have  been  characterized. 

2.  Results  and  Discussion 

AP-MOCVD  growth  of  nitrogen-doped  ZnSe 

N i t ro ge n— do pe d  ZnSe  films  have  been  grown  by  AP— MOCVD  using 
a  new  dopant  source,  dimethyl  hydrazine  CDMHz) ,  and  the  films 
have  been  characterized  by  pho t 0 lumine sc ence  at  18  K.  It  has  been 
found  that  DMHz  can  be  much  easily  decomposed  compared  with 
ammonia.  That  is,  when  using  DMHz,  a  lot  of  nitrogen  atoms  can  be 
incorporated  into  ZnSe  as  shallow  acceptors  at  much  lower 
temperatures  and  lower  dopant  flow  rates  than  the  case  of 
ammonia.  It  has  been  shown  that  DMHz  can  be  a  useful  acceptor 
dopant  source  for  ZnSe  alternative  to  ammonia. 

LP-MOCVD  growth  of  iodine-doped  ZnSe 

Iodine— doped  ZnSe  films  have  been  grown  by  LP— MOCVD  using 
diluted  ethyl  iodide  as  a  dopant  source.  It  has  been  shown  that 
the  carrier  concentration  in  the  films  can  be  widely  controlled 
from  10^^  to  10^^  cm”^.  In  the  films  with  carrier  concentrations 
below  10^®  cm“^,  it  has  been  found  that  the  room  temperature 
pho t 0 lum i ne s c e nc e  is  dominated  by  a  strong  blue  near— band  edge 
emission  with  suppressed  deep  level  emission.  It  has  been 
concluded  that  iodine  is  a  superior  donor  dopant  for  ZnSe  from  a 
standpoint  of  the  controllability  and  reproducibility  ‘6f 
electrical  and  pho t 0 lumi ne sc enc e  properties  of  n-type  ZnSe  films 
over  a  wide  range. 
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study  on  Controlling  the  Conductive  Type  of  ZnSe 
Using  High  Purity  Single  Crystals 

K.Mochizuki  and  M.Isshikl 

Department  of  Materials  Science,  Faculty  of  Engineering, 

Tohoku  University 

Aza-Aoba,  Aramaki ,  Sendai  980 
1.  Introduction 

Zinc  selenide,  a  wide  gap  semiconducting  compound  of  direct 
transition  type,  is  one  of  promising  materials  for  a  blue  light  emitting 
diode.  In  spite  of  many  experimental  works,  a  low  resistivity  p-type 
single  crystal  has  not  grown  with  good  reproduc j.bllity .  In  order  to 

prepare  a  low  resistivity  p-type  crystal,  acceptor  type  impurities  should 
be  incorporated  into  the  high  purity  single  crystals.  -In  this  work,  we 
have  studied  the  doping  effects  of  Group  elements  on  the  photo¬ 
luminescence  (  PL)  spectra  and  the  electrical  properties. 


2.  Results  and  discussion 

We  have  tried  the  doping  of  Li,Na  and  K  into  ZnSe  single  crystals 
by  dipping  the  crystal  in  the  molten  Ig^“Se  alloys.  In  the  case  of  Li 
and  K  doping,  especially  Li,  strong  D-A  pair  emission  was  observed  in 
PL  spectra  and  this  suggests  the  incorporation  of  the  alkaline  metals 
into  interstitial  site  which  acts  as  a  donor.  For  the  case  of  Na  doping, 
the  I^^  line  was  observed  clearly  and  D— A  pair  line  became  extremely 
small.  This  suggests  that  Na  atoms  replace  mainly  the  Zn  sub-lattice 
and  it  was  confirmed  that  the  crystals  were  p-type,  though  the  resistivity 
is  10^  (.Q-*cm)  and  still  high.  Through  the  results,  it  was  concluded 
that  Na  doping  is  most  suitable  in  obtaining  p-type  conduction, and  it  is 
necessary  to  investigate  the  detailed  doping  conditions  and  the  after 
heat-treatments  in  future. 

Exact  acceptor  levels  of  Na  and  K  in  ZnSe  crystals  were  estimated  from 
selective  excitation  spectra. 
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Vapor  Phase  Epitaxial  Growth  of  p-ZnSe 
under  a  Controlled  Partial  Pressure 


Tetsuo  MURANOI  and  rtitsuo  PURUKOSHI 
Department  of  Electronics, 

Faculty  of  Engineering,  Ibaraki  University 
Nakanarusawa-cho  4-12-1 ».  Hitchi-shi  316,  Ibaraki-ken 


1 . I n  troduc  t ion 

It  is  desirable  to  make  highly  conductive  pn  junctions  to  fabricate  an 
efficient  blue  LED  of  ZnSe.  It  is  considered  that  acceptor  impurities  can  be 
highly  doped  under  the  controlled  partial  pressures.  The  vapor  phase  growth  of 
ZnSe  had  been  investigated  to  fabricate  the  blue-LED.  This  year,  we  have  studied 
the  phosphorus  doping  effect  in  an  open  tube  method  and  the  'pressure  dependence 
of  atmosphere  in  a  closed  tube  method. 

2. Results  and  Discussion 

Open  Tube  Method  The  p-type  ZnSe  had  been  reported  in  a  previous  annual 
report  by  a  conventional  VPE  with  phosphorus  doping.  However,  it  was  revealed 
that  p-type  ZnSe  films  were  obtained  with  p hos pho rus - and  -  1 i th i um  doubly  doping. 
A  concentration  of  Li  was  unknown.  ZnSe  films  with  either  P  or  Li  showed  high 
resistivity.  When  P  was  transported  at  various  temper tur es  (Tp  =  150 330  C),  two 
types  of  PL  were  observed.  When  T ^ ^  2 3 0  ‘C  , s t r on g  SA  emission  was  observed.  When 
Tp^2l0*C,  the  edge  emission  was  the  main  one.  RHEED  patterns  showed  the  epitaxy 
when  Tp^  240  *C.  It  was  difficult  to  obtain  the  transport  rate  of  phosphorus  at 

low  Tp.  However,  it  is  clear  that  the  films  were  doped  with  P  at  all  Tp  since 

all  films  showed  high  resistivity. 

Closed  Tube  Method  When  ZnSe  single  crystal  is  grown  with  a  sublimation 
method,  argon  gas  is  enclosed  with  the  source  ZnSe  to  control  the  transport 
rate.  The  pressure  dependence  of  atmosphere  with  Ar  or  He  was  investigated. 
Tsource’s  and  AT’s  were  (1068*C,  940  r)  and  (21*C.  20^),  respectively. 

Transport  rate  decreased  with  the  enclosed  gas  pressure  above  1  Torr. 

The  decrease  with  use  of  He  was  faster  than  that  with  Ar.  When  T»o u ro •  ”  1 068  TC , 
A  T  “  6  *C  and  (pHe  —  3  Torr  or  Pxr  =  30  Torr),  a  single  crystal  of  5x5x15  mm  in 
size  was  grown  in  4  days  and  showed. 
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Strained-Layer  Superlattices  for 
Hi^h-Quality  Heterointerfaces  and  Heteroepilayers 

Shigeo  Fujita  and  Shizuo  Fujita 
Department  of  Electrical  Engineering,  Kyoto  University 

Kyoto  606 


1. Introduction 

Heteroepitaxial  growth  of  Zn(S,Se)  on  GaAs  substrates  involves  serious 
problems  which  degrade  epilayer  qualities,  e,g.,  thermal  stress,  diffusion 
of  constituent  atoms  in  substrate  into  epilayers,  or  defects  generation  due 
to  lattice  mismatch.  The  objective  of  this  study  is  to  obtain  high- 
quality  epilayers  by  the  introduction  of  strained-layer  superlattice  (SLS) 
buffers  by  which  gettering  effects  against  impurity  diffusion  and  barrier 
effects  against  dislocation  propagation  from  the  underlying  layer.  Folow- 
ing  to  the  results  in  1987  that  SLS  buffers  successfully  improved  the 
epilayer  quality,  our  research  in  this  year  was  directed  towards  obtaining 
optimum  structure  of  the  SLS  buffers  and  fabricating  well-defined  SLSs  with 
very  thin  epilayers. 

2. Results  and  Discussion 

(1)  We  fabricated  ZnSe(0.6jim)/(ZnSe-ZnSx  Sei  -  x  )n  SLS/ZnSe  buffer (l.Z^m) /GaAs 
structure  by  organometallic  vapor-phase  epitaxy  (MOVPE).  With  the  in¬ 
crease  of  either  x  or  n,  photoluminescence  intensity  of  impurity-related 
peaks  (I  and  SA)  weakened,  but  that  of  defect-related  peak  (Y)  became 
stronger  when  they  exceeds  certain  values.  However  for  n=2,  these  defects 
were  not  distinctly  generated  even  for  higher  x.  The  optimum  SLS 
structure  revealed  so  far  was  n=18%  and  x=2,  under  which  both  impury-  and 
defect-related  peaks  appeared  fairly  weak. 

(2)  Alternative  introduction  of  Zn  and  Se  beams  in  organometallic  molecular 
beam  epitaxy  (MOMBE)  results  in  different  pattern  in  in-situ  RHHED,  which 
corresponds  to  the  reconstruction  structure  of  one  monolayer  of  Zn  or  Se  on 
the  growing  surface.  Layer-by-layer  growth  became  possible  by  controling 
the  sequence  of  the  source  gas  flow  according  to  the  change  in  the  RHEED 
pattern  during  the  growth.  This  technique  can  be  extended  for  atomic- 
layer  controlled  epitEucy  of  SLSs. 

(3)  Our  research  will  be  continued  for  new  functionality  in  SLSs  and  for 
higher-quality  heteroepilayers. 
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1 .Introduction 

ZnSe,  ZnS  and  ZnTe  are  semiconducting  materials  ideally  suited  for  the 
fabrication  of  short-wavelength  optoelectronic  devices.  In  this  study,  a 
new  material  named  strained-layer  superlattice  (SLS),  made  up  of  thin 
alternating  lattice-mismatched  layers  has  been  grown  and  characterized  to 
control  optical  and  electrical  properties  of  wide  band-^P  II-VI  compound 
semiconductors . 

2. Results  and  Discussion 

ZnSe-ZnTe  strained-layer  super lattices  (SLSs)  were  grown  by  atomic  layer 
epitaxy  (ALE)  using  molecular  beam  epitaxy  (MBE).  In  ALE,  constituent 
elements  are  alternatively  desxisited  on  the  substrate.  It  was  found  that 
the  layer  thickness  per  one  cycle  of  opening  and  closing  the  shutters  of 
the  constituent  elements  corresponds  precisely  to  one  monolayer  growth.  We 
achieved  a  drastic  improvement  in  the  interface  abruptness  and  optical 
properties  compared  with  SLSs  grown  by  the  conventional  MBE. 

We  prepared  ZnSe(1-4  monolayers ) -ZnTe ( 1 -4  monolayers)  SLSs  with^periods 
of  200-1000  on  InP  Substrates  by  ALE  at  a  growth  tat\perature  of  260°C  which 
is  about  60°C  lower  than  that  in  conventional  MBE.  It  is  interesting  to 
note  that  the  PL  intensity  of  the  SLS  grown  by  the  ALE  is  more  than  ten 
times  greater  than  that  of  the  SLS  grown  by  the  conventional  MBE  method. 
The  EWHM  value  of  a  PL  peak  for  ALE  (ZnSe)4-(ZnTe)2  SLSs  (70meV)  is  smaller 
than  that  of  MBE  SLS  with  an  equivalent  structure  (95meV).  M^ulation  doped 
n-type  SLSs  showed  the  carrier  concentration  of  3.8x10^®  cm  .  Furthermore, 
we  prepared  (ZnSe)^-(ZnTe)^  monolayer  superlattices.  The  PL  intensity  from 
(ZnSe)  -(ZnTe)^  superlattice  is  much  stronger  than  that  from  mixed  crystal 
(alloy)  with  the  same  composition  (^nSeQ^^Teg  5).  We  could  observe  the 
strong  green-yellow  emission  even  at  the  room  temperature.  These  results 
indicate  that  the  monolayer  superlattice  is  superior  in  optical  quality  and 
could  be  used  in  optical  device  applications. 
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1.  Introduction 

The  wide  gap  CdZnSSeTe  II-VI  compounds  have  large  ionicities,  and  this  makes  it  diffi¬ 
cult  to  form  covalent  bonding,  intrcxiucing  defect  levels  in  the  wide  gaps.  Strained 
layer  superlattices(SLSL's)  are  considered  to  be  one  of  hopeful  materials  which  will 
break  through  barriers  stood  in  our  way.  In  the  SLSL's  each  layers  are  uniaxially 
strained,  and  thus  the  bond  angles  must  be  largely  changed.  This  suggests  that  the 
covalent  bonding  component  is  enhanced,  which  will  make  it  possible  to  get  shallow 
impurities  in  such  cases  as  Ge  or  Si.  On  the  other  hand,  the  type  I  SL's  of  large  b^d 
offsets,  which  become  usually  SLSL’s,  will  be  hopeful  as  the  active  layers  for  double 
insulating  layer  electrroluminescent  devices.  The  large  band  offsets  confine  carriers 
into  the  wells.  This  not  only  increases  the  probability  of  the  direct  recombination 
but  also  decreases  the  probabilities  of  those  through  defect  states  near  the  SL  inter¬ 


faces. 

1.  Results  and  Discussions 

(Znse-Zns  SL) ;  The  SL  structure  was  improved  by  using  ZnSe  and  ZnS  compound  sources, 
which  was  ascertained  by  X-ray  diffraction  and  photoluminescence (PL)  measrements. 
(ZnTe-ZnSe  SL);  High  quality  of  the  SL  made  by  using  ZnTe  or  ZnSe  buffer  layer  was 
ascertained  by  the  observations  of  resolved  X-ray  diffraction  patterns  due  to  Cu  K^. 
and  of  high  angle  spectra  of  narrc^er  width  and  folded  acoustic  phonon  modes  in  Raman 
scattering  measurement.  The  valence  band  offset  of  the  SL  is  found  to  be  0.52  eV 
through  the  analysis  of  the  PL  spectra  associated  with  the  band  gap  of  the  SL. 

(CdS-ZnS  SL);  Glass/lT0/SiO2/Si3N4/cdS-ZnS  SL/Si3N4/Al203/Al  electrolunanescent 
device  was  made  and  the  quantum  effects  depending  on  the  SL  structure  were  ascertained 
by  optical  transmission,  PL  and  electroluminescent  measurements  at  room  temperature. 

The  device  will  not  only  be  hopeful  for  the  electroluminescent  device  which  can  be 
easily  designed  for  desired  spectrum  characteristics  but  also  it  is  useful  for  studying 
electroluminescent  mechanisms  including  determination  of  impurity  levels  such  as  Mn 

and  TbF. 
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1.  Introduction 

Wide  gap  semiconductor  super lattices ,  such  as  ZnSe-ZnS  strained 
layer  superlattices,  have  the  potential  application  to  the  optoelectronic 
devices.  In  this  work,  we  have  studied  the  nonlinear  absorption  and  the 
picosecond  time-resolved  luminescence  of  excitons  in  ZnSe-ZnS  strained 
layer  superlattices .  We  have  also  studied  the  ultrafast  relaxation 
processes  of  photoexcited  carriers  in  the  thin  film  of  CdSe  by  means 
of  femtosecond  pump-and-probe  spectrometer  developed  by  us . 

2.  Results  and  Discussions 

We  have  observed  the  absorption  saturation  of  excitons  in  a  ZnSe-ZnS 
strained  layer  super lattice ,  consisting  of  2.5  nm  ZnSe  layers  and  5  nm 
ZnS  layers.  The  measurement  was  performed  by  using  a  dye  laser  (7  ns) 
pumped  by  a  nitrogen  laser.  The  saturation  density  observed  is  19.0 
mJ/cm2  at  4.2  K  or  24.5  mJ/cm2  at  77  K.  These  values  are  extremely 
larqe  compared  with  the  value  2.6  pJ/cm^  reported  for  ZnSe-ZnMnSe.  We 
have  also  measured  the  lifetime  of  excitons  in  ZnSe-ZnS  strained  layer 
super lattices .  The  observed  lifetime  is  50  ps  for  the  7  nm  well  smaple, 
while  200  ps  for  the  2.5  nm  well  sample  at  10  K. 

Broadening  and  blue  shift  of  the  exciton  absorption  spectrum  have 
been  observed  in  the  thin  film  of  CdSe  by  the  femtosecond  pump-and-probe 
spectroscopy.  New  and  interesting  phenomena  observed  will  be  analyzed 
by  the  future  study. 


Lattice  Strain  and  Effects  of  Strain  on  Electron-Phonon 
System  in  II-VI  Compound  Semiconductor  Superlattices 


Shin'ichi  Katayama  and  Hidemitu  Hayashi* 
General  Education  Department,  Niigata  University 
Niigata,  950-21 

^Institute  for  Molecular  Science 
Okazaki,  444 


1 .  Introduction 

Recent  advance  of  thin-film  growth  techniques  has  enabled  us  to 
fabricate  new  materials  such  as  superlattices.  The  strained  layer 
superlattices  consisting  of  ZnSe,  ZnTe,  and  ZnS  have  been  interested 
from  the  applications  as  efficient  blue  light  emitting  diodes  and 
semiconductor  lasers.  To  get  a  good  quality  sample,  it  is  important  to 
control  strain  in  each  layer  as  well  as  to  probe  the  effect  of  strain 
on  electronic  states  and  lattice  vibrational  properties  in  these 
materials.  We  have  two  purposes  in  the  present  theoretical  research 
program.  One  of  them  is  to  explore  the  features  of  strain  in  the  near 
vicinity  of  interface  by  considering  the  chemical  bond  distortions. 

This  may  provide  a  clue  of  understanding  the  origin  of  misfit 
dislocations  which  appear  above  some  critical  thickness  of  layers. 
Another  is  to  examine  the  effect  of  strain  on  excitons,  electrons,  and 
phonons  in  a  quantum  well.  Optical  gap  energy  obtained  from 
photoluminescence  and  absorption  measurements  in  these  superlattices 
are  discussed  in  detail. 

2.  Results  and  Discussion 

* 

Distortions  of  both  bond  length  and  bond  angle  for  a  tetrahedral 
unit  in  a  superlattice  such  as  ZnSe-ZnTe  have  been  estimated  by 
minimizing  the  total  bond  distortion  energy  in  a  valence  force  field 
model.  Further,  effects  of  long  range  Coulomb  interaction  among  ions 
on  distortions  are  discussed.  The  results  are  adopted  to  explain 
appearance  of  small  atomic  displacements  near  hetero-interface  of 
GaAs/AlAs . 

We  present  also  a  theoretical  study  of  excitons  in  ZnSe-ZnS  strained 
layer  superlattice  within  an  effective  mass  approximation.  We 
demonstrate  the  exciton  effects  on  the  optical  gap  of  ZnSe-ZnS 
super lattices  by  a  variational  method.  The  calculated  optical  gap 
exhibits  inverse  square  dependence  on  the  well  width  in  consisting  with 
recent  experimental  data. 
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1.  Introduction 

Superlattices  of  II-VI  semiconductors  are  expected  to  be  useful  for 
opto-electronic  devices  in  the  visible  region.  For  making  good  super¬ 
lattices,  it  is  necessary  to  know  natures  of  elastic  strains,  disloca¬ 
tions,  in t er d i f f us i on ,  and  impurities  in  the  layers  or  on  the  inter¬ 
faces.  In  this  study,  Raman  and  photoluminescence  experiments  are 
utilized  for  the  understanding  of  strains  in  the  ZnSe-ZnS  strained 
superlattices  made  by  metal-organic  vapor  phase  epitaxy,  and  metal- 
organic  molecular  beam  epitaxy  methods. 

2.  Results  and  Discussion 

Strained  super lattices  ZnSe— ZnS  on  GaAs  substrate  with  equal  layer 
thicknesses  from  25  to  100  A  are  prepared  for  Raman  and  photolumines¬ 
cence  measurement.  In  the  Raman  spectra,  two  LO-phonon  lines  are  ob¬ 
served,  which  originate  from  ZnSe  layers  (about  250  cm  and  from  ZnS 
layers  (about  330  cm”M.  Their  positions,  especially  LO^j^S  positions, 
are  noticeably  shifted  from  the  bulk  LO-phonon  frequencies  owing  to 
the  strains  induced  by  the  lattice  mismatch.  From  the  degree  of  shift, 
strains  could  be^  estimated  to  be  about  0.1%  for  ZnSe,  and  2.5%  for 

O 

ZnS.  Lattice  constant  of  GaAs  substrate  (5,65  A)  is  near  to  that  of 
ZnSe  (5.67  A),  as  compared  with  that  of  ZnS  (5.41  A),  and  therefore, 
ZnS  layers  in  the  ZnS-ZnSe  superla ttices  are  stressed  strongly. 

Raman  intensity  is  enhanced  by  a  resonance  effect  with  increasing 
excitation  photon  energy.  In  the  samples  with  thinner  layer  thick¬ 
nesses,  the  enhancement  occurs  at  higher  photon  energies.  This  obser¬ 
vation  is  consistent  with  the  result  of  photoluminescence  experiments, 
in  which  the  near-band-edge  luminescence  shifts  to  the  high  energy 
side  in  the  thinner-layer  samples.  Such  shifts  are  due  to  the  quantum- 
size  effect  in  the  superlattice  layers. 
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1.  Introduction 

Superlattice  systems  with  the  use  of  E  -  VI  and  ffl  -  V  compounds  have  a 
large  possibilty  to  be  applied  to  new  optical  devices.  The  purpose  of  the 
present  research  is  to  perform  the  quantitave  and  comprehensive  study,  which 
charities  the  optical  characteristic  of  excitons  and  bound  electrons  in  super¬ 
lattice  systems  by  taking  into  account  of  the  many  variety  of  the  constitution 
of  the  systems.  The  obtained  results  will  be  very  useful  to  develop  new 
Optical  devices  and  to  control  material  properties. 

2.  Results  and  Discussion 

(1)  General  properties  of  excitons  in  type  E  quantum  well  systems  are  studied. 
It  has  been  found  that  (a)excitonic  properties  depend  very  much  on  the 
electron-hole  mass  ratio  and  the  well  widths,  (b)  the  characteristic  dimensi¬ 
onal  character  of  an  exciton  appears  in  some  limits  of  physical  parameters  of 
the  system,  (c)  the  dielectric  mismatch  effects  affect  excitonic  properties 
of  the  system  very  much,  and  that  (d)  oscillator  strengths  become  large  in 
accordance  with  the  degree  of  the  spreading  of  the  subband  wave  function  in 
to  the  barrier  part. 

(2)  Excitons  in  J:ype  11  quantum  well  system  in  an  electric  field  have  been 
studied.  In  an  electric  field  exciton  splits  in  two  states,  whose  optical 
behaviours  are  different  each  other  for  the  increace  of  the  electric  field 
strength.  These  features  are  very  different  from  those  of  excitons  in 

type  I  quantum  well  systems. This  difference  will  be  very  useful  to  identity 
the  type (  I  or  n  )  of  the  quantum  well  systems. 

(3)  Exciton  states  in  double  quantum  well  systems  are  calculated.  It  has  been 
found  that  the  middle  barrier  part  affect  excitonic  properties  very  much  and 
the  size  of  the  quantum  well  affects  the  extension  of  the  subband  wave 
function  and  yields  the  minima  for  the  binding  energy  of  excitons  when  the 
width  of  the  middle  barrier  part  increases. 

(4)  The  localization  of  an  electron  interacting  with  acoustic  phonons  in 
multi-dimensional  quantum  well  systems  is  studied  .  The  dimensionality  of 
the  well  has  been  found  to  be  the  important  factor  for  the  degree  of  the 
localization. 

-  END  - 
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